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Abstract
The use of wetlands to effectively remediate aquifers contaminated with chlorinated
solvents is an emerging technique, which shows high promise. In order to better understand this
process and test its legitimacy, a treatment wetland was constructed at Wright-Patterson AFB,
Dayton, Ohio and, in a joint effort with Wright State University (WSU), has previously shown
the effective removal of PCE. The purpose of this research was to characterize the soil bacterial
community, pre-PCE injection, among three wetland plant species from the sedge family
(Cyperaceae) within constructed wetland mesocosms and to identify any bacterial dominance.
Carex comosa, Scirpus atrovirens, and Eleocharis erythropoda were planted in multiple
columns (mesocosms) filled with inoculated soils; water flow was through a vertical up-flow
design representative of a ground water-fed wetland. DNA extractions were made from soil
samples taken at each of three depths. 16S rDNA libraries were constructed to characterize the
bacterial communities in mesocosms for each plant, to use for comparative analyses of the
effects each plant might have on microbial community structure. BLAST and RDP-II’s
Classifier programs were used to classify the sequences in the libraries. A total of 396 sequences
were attained, ultimately resulting in 300 unique accession numbers. Eleven phyla were
represented by 177 classifiable clones. A variety of diversity indices were used to show an
extremely high species richness, indicating that further sequencing is needed to determine
phylotype dominance, if any exists, within the columns. This study is a first step in
understanding the role of wetland plant-associated microbial communities in remediation of
chlorinated solvents.
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MOLECULAR CHARACTERIZATION OF WETLAND SOIL BACTERIAL COMMUNITY
IN CONSTRUCTED MESOCOSMS

I. Introduction
The intentional construction of wetlands to remove environmental contaminants is a
relatively new technology. The term “constructed wetland” is used to define those wetlands that
are built expressly for the purposes of water quality treatment (Kadlec and Knight, 1996). In
1973, the first intentionally engineered, constructed wetland treatment systems in North America
were constructed to remove contaminants from stormwater run-off and municipal run-off. Since
then, wetlands have also been designed and constructed to treat process waters from industry
(Kadlec and Knight, 1996) and are being used more and more as a viable bioremediation
technique. However, the relationship between rooted plant species and bacterial communities
within these systems has received little attention.
While advances in bioremediation techniques have increased tremendously over the past
decade, so too has the development of molecular microbiology. Using nucleic-acid analysis, one
can now determine bacterial dominance, diversity, distribution, genetic capabilities, and bacterial
phylogeny. This greatly enhances the capability and research tools needed to gain a better
understanding into microbial ecology, biogeochemical fate, and treatment of contaminants such
as tetrachloroethylene (PCE).
The purpose of this research was to characterize bulk soil bacterial community among
three wetland plant species from the sedge family (Cyperaceae) within a constructed reductive
dechlorination wetland and to identify any bacterial dominance prior to PCE inoculation. This
information will further the understanding of the processes of in situ bioremediation and the use
of wetlands as a viable technique for removing halogenated organic contaminants from
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subsurface water. It may ultimately serve to identify additional species linked to the
dehalogenation process.
Carex comosa, Scirpus atrovirens, and Eleocharis erythropoda were planted in separate
upward flow columns (mesocosms), inoculated with soil from the constructed treatment wetland
cells at Wright-Patterson Air Force Base (WPAFB), and continuously fed PCE contaminated
water at a concentration representative of the on-site contaminated aquifer. Prior to the addition
of PCE into the water flow and following the establishment of each of the plantings, DNA
analysis using polymerase chain reaction (PCR), cloning, and sequencing was used to
characterize the soil bacterial community among these plantings and to qualify any relations
between the various plant species at three depths. Later analysis will be completed to examine
rhizoplane and bulk soil bacterial communities, post-PCE inoculation. Separate, yet
simultaneous, research will be used to substantiate the findings by examining the concentrations
of chlorinated solvents at multiple depths within the mesocosms, as well as comparing DNA
analysis taken seasonally from field samples from both contaminated and uncontaminated sites at
similar depths. The study represents a joint effort between students and faculty of the Air Force
Institute of Technology (AFIT) and Wright State University.
Background
Chlorinated solvents have been shown to be among the most common water table
contaminants in the United States. Of the 1,636 sites currently listed under the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) National Priority List
(NPL), volatile organic compounds (VOCs), in particular, chlorinated solvents, showed the
greatest frequency of occurrence (NRC, 1994; U.S. Department of Health and Human Services.
ATSDR, 2003) (See Table 1). The EPA (2004) reports that 69 percent of the sites are
contaminated with halogenated VOCs. Similarly, halogenated VOCs are by far the most
2

common contaminant at Resource Conservation and Recovery Act (RCRA) sites, found at 60
percent of the sites (U.S. EPA, 2004).
Table 1. Chlorinated VOCs Frequencies of Occurrence
NPL
NPL Site
Ranking
Name
Frequency
4
Vinyl chloride (VC)
608
16
Trichloroethylene (TCE)
1021
30
Tetrachloroethylene (PCE)
930
43
Carbon Tetrachloride
422
87
1,2-Dichloroethane
599
148
1,1,2,2-Tetrachloroethane
327
163
1,1,2-Trichloroethane
274
175
1,2-Dichloroethene, Trans598
213
1,2-Dichloroethylene
450
277
1,2-Dichloroethene, Cis263
282
Dichloroethylene (DCE)
114
Source: (U.S. Department of Health and Human Services. Agency
for Toxic Substances and Disease Registry, 2003). Ranking based
on combination of toxicity, frequency, and potential for human
exposure.

Chlorinated solvents were produced in large quantities and widely used in a multitude of
applications and operations including the decaffeination of coffee, pet food production,
pharmaceuticals, cosmetics, dry-cleaning fabrics, and metal degreasing operations following
WWII; however, their use was highly curtailed in the late 1970’s when they became suspected
carcinogens (Chapelle, 2001). This study focuses on the chlorinated aliphatic (straight-chained)
compound tetrachloroethylene (PCE), also known as perchloroethylene (Figure 1), and the
associated bacteria responsible for degradation of PCE to its reduced products of
trichloroethylene (TCE), dichloroethylene (DCE), vinyl chloride (VC), and finally ethene.

Figure 1. Tetrachloroethylene (PCE).
3

Prior to the enactment of RCRA in 1980, disposal of chlorinated solvents were
unregulated. Ultimately, haphazard disposal resulted in groundwater contamination due to the
solvents’ physical and chemical properties (U.S. EPA, 2004). Chlorinated solvents have low
solubilities and are denser than water, thus fall into the class of contaminants commonly known
as dense nonaqueous-phase liquids (DNAPLs). DNAPLs tend to penetrate water-saturated
ground, form subsurface pools when they encounter impermeable layers, and subsequently form
slow moving plumes within aquifers (Masters, 1997). These migrating plumes can pose serious
threats to drinking water supplies where communities rely on groundwater. The listed log Kow
and Koc of these compounds predict a moderate hydrophobicity and soil sorption potential; while
the Henry’s Constants describes the high tendency towards volatilization when exposed to the
atmosphere.
Table 2. Physiochemical Properties of Common Chlorinated Solvents

Chlorinated
Hydrocarbon

Molecular
Vapor Henry's Law Soil Sorption
Weight Solubility pressure Constant
Coefficient
(g/mol)
(atm) (atm-m3/mol) (log Koc)
log Kow
(mg/L)

Density
(g/ml)

PCE (C2Cl4)

165.83

1.5*102 c 2.51*10-2 b

1.53*10-2 b

2.56c

2.88b

1.63a

TCE (C2HCl3)

131.39

1.1*103 c 9.77*10-2 b

1.07*10-2 b

2.1c

2.42b

1.46a

1,1 DCE (C2H2Cl2)

96.94

4.0*102 c 7.86*10-1 b

3.0*10-2 c

1.81c

2.13b

1.22a

trans-1,2 DCE (C2H2Cl2)

96.94

6.3*103 c 4.29*10-1 c

6.60*10-3 c

1.77c

2.06c

1.26a

cis-1,2 DCE (C2H2Cl2)

96.94

3.5*103 c 2.63*10-1 c

3.37*10-3 c

1.69c

1.86b

1.28a

VC (C2H3Cl)

62.5

1.1*103 c 2.57*10-1 b

5.68*10-2 b

0.9138c

0.6 b

0.91a

Source: a=CRC (2004); b= Schwarzenbach, Gschwend, & Imboden (1993); c= Mackay, Shiu,
& Kuo (1993). Note: All properties, except specific gravity, were calculated at 25ºC, 1 atm.
Density calculated at 20°C.
The main effects of PCE in humans are neurological, liver, and kidney effects following
acute (short-term) and chronic (long-term) inhalation exposure (U.S. Environmental Protection
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Agency, 1988). Epidemiological studies of dry-cleaners occupationally exposed to
tetrachloroethylene suggest increased risks for several types of cancer. Animal studies have
reported an increased incidence of liver cancer in mice, via inhalation and gavage
(experimentally placing the chemical in the stomach), and kidney and mononuclear cell leukemia
in rats (U.S. EPA, 1988).
The reductive by-products of PCE have been shown to pose risks in the limited studies
conducted. TCE is the most common organic water contaminant and is classified as a possible
human carcinogen (Hageman, Istok, Field, Buscheck, & Semprini, 2001); DCE is not a listed
carcinogen, however, it has been shown to cause decreased red blood cell numbers in animals
and affects on the liver and the heart; vinyl chloride is the most toxic of chlorinated solvents and
is a known human carcinogen (Masters, 1997). VC is widely distributed contaminant and is a
significant intermediate product of reductive dehalogenation of polychlorinated ethenes under
anaerobic conditions (Bradley & Chapelle, 1996).
Current EPA guidelines regard PCE contaminant levels above 5.0 ppb as the maximum
contaminant level (MCL) for acceptable risk in drinking water. Table 3 lists MCLs for other
chlorinated ethenes. The solubilities are several orders of magnitude greater than current
drinking water standards, thereby preventing dilution by hydrodynamic dispersion from being a
viable mechanism for managing contaminated sites (National Research Council, 1997).
Table 3. Selected Regulatory Limits.
Source: (U.S. Environmental Protection Agency,
Revised July 1, 2002)
Compound
Vinyl chloride (VC)
cis-dichloroethene
trans-dichloroethene
1,1-dichloroethene
Trichloroethylene (TCE)
Tetrachloroethylene (PCE)

5

MCL (mg/L)
0.002
0.07
0.1
0.007
0.005
0.005

Current Treatment Technologies
Over the past few decades the use of PCE in industry has declined more than 80 percent
(U.S. EPA, 2004); however cleanup of these solvents remains a significant environmental
challenge. The EPA currently estimates the number of contaminated sites requiring clean-up
nationwide to be in the range of 235,000 to 355,000 requiring an estimated cost of $170-250
billion (U.S. EPA, 2004). Some clean-up estimates have even ranged as high as $1 trillion
(National Research Council (NRC)., 1994).
There is promise in new innovative remediation technologies, but their use is still limited.
In 1996 the EPA reported that conventional pump-and-treat systems were employed in 93
percent of all Superfund sites and was combined with in situ treatment in only 5 percent of the
603 sites for which clean-up remedies had been selected. At the time, only 9 sites were using in
situ treatment alone (U.S. EPA, 1996). As of 2004, 851 Superfund sites were being treated;
pump-and-treat alone was used in 65 percent and in combination with other treatments at 84
percent of the Superfund sites. In situ alone was being used at 31 sites or in combination with
other technologies at 135 sites (16 percent). Monitored natural attenuation (MNA) was
employed at 201 (24 percent) of the sites (U.S. EPA, 2004). This shows the growing trend
towards alternative, more cost effective treatments.
Attaining the most efficient and cost effective treatment technology has been a challenge
since CERCLA was initiated; hence many innovative and established forms of remediation
technology have been developed to treat this hazard. The term “treatment technology” refers to
“any unit operation or series of unit operations that alters the composition of a hazardous
substance or pollutant or contaminant through chemical, biological, or physical means so as to
reduce toxicity, mobility, or volume of the contaminated materials being treated” (40 CFR. §300
6

(U.S. Environmental Protection Agency, Revised July 1, 2003)). The following are brief
descriptions of varying treatment methods:
Source Control: The use of technologies such as soil vapor extraction, solvent extraction,
phytoremediation, chemical treatment, etc. to physically control the introduction of contaminant
into the environment.
Pump-and-Treat: Pumping of contaminated water to surface for treatment. Treatment types
include air stripping, ion exchange, membrane filtration, or bioremediation techniques.
In Situ Treatment: Treatment within the aquifers themselves by using technologies such as air
sparging, phytoremediation (also source control), and permeable reactive barriers. These
technologies are designed to separate contaminants from geologic materials in the subsurface,
mobilize them into the groundwater or air in soil pores, and extract them from the subsurface.
Containment: Using impermeable subsurface barriers to contain contaminated region.
Hydraulic pumping is also used to contain contaminants.
Bioremediation/Natural Attenuation: The reliance on natural attenuation processes to achieve
site specific objectives. The goal of bioremediation is to biologically convert a hazardous
contaminant such as PCE, TCE, or VC to an innocuous end product. For example, VC can be
converted into ethylene, carbon dioxide and water under the proper environmental and biological
conditions (Bradley and Chapelle, 1996). Examples of biological reaction technologies include
biostabilization, composting, treatment wetlands, and enhanced, in situ bioremediation.
In practice, natural attenuation has several other names, such as intrinsic remediation,
intrinsic bioremediation, or passive bioremediation. This natural attenuation can often be the
dominant factor in the fate and transport of contaminants such as PCE and TCE. Advantages of
natural attenuation include: 1) contaminants are ultimately transformed into relatively innocuous
byproducts such as carbon dioxide, ethene, and water, 2) natural attenuation is non-intrusive and
7

allows for continued use of land and local facilities during remediation, and 3) natural
attenuation is less costly than currently available remediation technologies such as pump-andtreat. Disadvantages of natural attenuation include: 1) natural attenuation is subject to natural
and manmade changes in local hydrogeologic conditions that may affect contaminant removal,
2) time frames for complete remediation may be relatively long, and 3) intermediate products of
bioremediation (e.g. vinyl chloride) may be more toxic than the original contaminant
(Wiedemeier, Swanson, Moutoux, Wilson, Kampbell, Hanson, & Haas, 1997 from (Opperman,
2002)).
Pump-and-treat technology has been the method of choice for treatment of the majority
of sites at an average cost per volume of treated water of $312 per 1,000 gallons per year (U.S.
EPA, 2001). The associated high cost of pump-and-treat systems has led to increased research
and development in the field of natural attenuation methods.
Research Objectives
The primary objectives of this research were to:
1. Characterize the pre-PCE injection species diversity of bacteria in mesocosms designed
to model constructed, dechlorinating, treatment wetlands and dominant microbial species,
if any;
2. Determine correlation, if any, between bulk soils of three wetland plant species and
microbial dominance;
3. Determine the effects of soil depth with regards to microbial dominance.
The results may reveal useful symbiotic relationships between wetland soils dominated
by a particular species of plants and anaerobic, dehalorespiring bacteria within the soil itself.
This information will be very useful when designing and constructing efficient treatment
wetlands.
8

Research Focus and Limitations
This research focuses on the accurate characterization of soil bacterial communities
through DNA analysis. It is limited to the identification of microorganism already present in the
inoculum taken from treatment wetland constructed on WPAFB and soil used in mesocosm
construction taken from Beavercreek Wetlands, Fairborn, Ohio. PCE contamination will be
simulated through the continuous injection of PCE into water flow, and its effects evaluated by
separate research. Water temperature may not be representative of field conditions.
The chosen methodology involving DNA extraction and polymerase chain reaction (PCR)
amplification also introduce unique biases. Efficient DNA extraction is dependent on the
methods chosen for cell lysis (i.e. mechanical, sonic, or chemical), DNA sorption to soil
particles, and coextraction of humic acids. PCR amplification is dependent on primer
choice/design. Some other limitations of using PCR for microbial identification include a
difficulty in phylogenetic placement of sequences due to the use of primers generating too short
a fragment of a gene, leading to inaccurate or low confidence phylogenies (Rochelle, 2001).
PCR can also result in amplified “artifacts” that do not reflect the original template due to point
mutations or the formation of chimeric sequences, which are recombinant DNA sequences of
two or more different parent sequences in the sample (Hugenholtz & Goebel, 2001). Factors
which are thought to result in this phenomenon include using degraded template DNA and
excessive cycling (Hugenholtz & Goebel, 2001).
Additionally, this study is limited to one complete assay of DNA present following the
establishment of the rooted vegetation due to available time and prohibitive costs associated with
PCR, cloning, and sequencing. Other limitations include the choice of PCR primers, which may
or may not allow for a complete representation of all microbes present in assays.
9

II. Literature Review
Overview
The goal of this continuing bioremediation study is to completely characterize the
biogeochemical processes involved in the conversion of the hazardous contaminant PCE to its
innocuous end products within a constructed dehalogenating wetland. Many in-situ
bioremediation remedies already rely on the mechanisms of biodegradation to treat chlorinated
solvents. Both aerobic and anaerobic microorganisms are capable of using contaminants as
sources of carbon and energy for growth, or as cometabolic substrates that do not contribute to
growth, and thus are the driving force behind the remediation of chlorinated solvents.
Remediation with Treatment Wetlands

Wetlands are characterized by the presence of water, continuously or seasonally, either at
the surface or within the root zone of the wetland plants. This condition, in turn, results in an
environment where plant species dependent on aerobic soils, are absent due to the saturated soils.
Wetlands’ lower dissolved oxygen levels result in the accumulation of organic matter in wetland
soils because of a reduced level of microbial activity and organic decomposition which requires
oxygen (Kadlec & Knight, 1996). Their upslope limits are distinguished by a period of
saturation which is typically less than 7 to 30 days. Their downslope limits are distinguished by
standing water to a depth or duration where, emergent, rooted plants will not survive (typically a
depth of 1-2 meters); (Kadlec & Knight, 1996).
Microbial biodegradation and phytoremediation are two major mechanisms by which
wetlands contribute to the elimination/transformation of groundwater contaminants.
Biodegradation, as previously mentioned, relies on microorganisms to reduce, remove, or
stabilize harmful contaminants to their more innocuous forms. Phytoremediation uses plants to
remove, transfer, stabilize or destroy contaminants in soil, sediment, and groundwater through
10

rhizosphere biodegradation, phytoextraction, phytodegradation, and phytostabilization
(Clemmer, 2003).
Two treatment wetland cells were, previously, constructed at WPAFB for the purpose of
studying the removal of chlorinated solvent contamination from groundwater via biogeochemical
processes and and are directly linked to the mesocosm construction later in Chapter 3. They
were designed to replicate the upflow characteristic of local wetlands. The first cell was
constructed using three layers of wetland-soils from wetlands adjacent to WPAFB. Each layer is
approximately 18 inches thick. The lower layer was mixed with wood chips to provide an initial
nutrient source of organic carbon for the microorganisms in the soil. The top two layers were
unaltered in cell 1. Chapelle (2001) showed that iron facilitates the mineralization of certain
chlorinated solvents. Thus, the second cell includes a layer of iron-rich soil, placed for the
purposes of studying the process of reductive dehalogenases. Traditional wetland plant species
were planted in the top layer which includes the sedges of interest: Carex comosa, Scirpus
atrovirens, and Eleocharis erythropoda. The vegetation also introduces oxygen into the root
zone enabling limited aerobic reactions to occur. A cross-sectional diagram of the first cell is
shown in Figure 2.

Figure 2. WPAFB Constructed Wetland Cross Section. (Enright, 2001)
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Wetland Plants
The vascular plants associated with this study include a sedge (Carex comosa), a bulrush
(Scirpus atrovirens), and a spike-rush (Eleocharis erythropoda), which are obligate wetland
plant species from the sedge family, Cyperaceae (Reed, P. B., Jr., 1997) dominating regional
wetlands (Amon, Thompson, Carpenter, & Miner, 2002). They are emergent monocots found
across North America and dominate local wetlands. These plants possess, like many wetland
plants, important adaptations to flooding and modify soil texture, hydraulic conductivity, and
chemistry by growth of roots and rhizomes. One such adaptation is the development of
aerenchymous tissue, which facilitates the transport of oxygen through vascular tissue from the
atmosphere to roots, providing an aerated root zone (Kadlec & Knight, 1996). Lenticels are
small stomata-like openings in plants tissue that allow for gas exchange into aeranchymous
tissue network. This oxygen transport mechanism may be sufficient to provide for root
metabolism only or may release excess oxygen to surrounding microbial populations. Gas-filled
aerenchyma provide significantly less diffusional resistance, allowing oxidation of soils in the
vicinity of the rhizosphere and diffusion of carbon dioxide, hydrogen sulfide, and even methane
into the atmosphere (Kadlec & Knight, 1996).
Appropriate water levels and hydroperiods, duration of flooding or saturated soil
conditions, are particularly important factors that determine wetland type and species dominance.
Typical hydroperiod tolerances for the hydrophytes of interest are listed in Table 4.
Table 4. Hydroperiod Tolerance Ranges (Kadlec & Knight, 1996)
Flooding
Maximum Water
Duration
Species
Common Name
Depth (m)
(Annual %)
Carex spp.
Sedges
<0.05-0.25
50-100
Eleocharis spp.
Spikerushes
<0.05-0.50
50-100
Scirpus spp.
Bulrushes
0.1-1.5
75-100
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Most of the visible structure of wetlands is provided by vascular plants; however, the
non-visible aspects are where the majority of contaminant modification occurs via microbial
action and physical transformation processes. Plants provide structure and nutrient input for the
microbes that mediate contaminant transformation. They allow oxygen transport to otherwise
anaerobic soil and biomass provides an important carbon source in microbial degradation. They
also influence the microenvironment in which they inhabit; for example, shading may inhibit
algae growth, which impacts subsequent oxygen levels.
The role of root exudates and their impact on soil microbial ecology should also be
considered. Exudates provide an important carbon source, may influence microbial resistance to
pests, support symbiosis, or provide appropriate chemical composition (Bertin, Yang, & Weston,
2003) allowing certain microbes to inhabit niches, which in turn can provide for targeted
remediation. Of course, different plant species affect soil chemistry in various ways. For
example, de Ridder-Duine et al. (2005) revealed that the rhizosphere microbial community was
mainly determined by bulk soil community for Carex arenaria.
Microbial Dechlorination
Dechlorination within a wetland is best understood by examining the biogeochemical
processes that occur prior to reduction. Microorganisms first hydrolyze organic material
producing organic monomers such as sugars, amino acids, and organic acids. Through
fermentation microbes then form low-molecular weight acids, alcohols, and carbon dioxide from
these monomers, which can be utilized by yet other microbes as energy or carbon sources
(Chapelle, 2001). Microbial populations then use the alcohols and organic acids as electron
donors in the production of acetate, formate, lactate, and molecular hydrogen. Sulfate-reducing
microbes use these substrates as electron donors for metabolism. At low sulfate concentrations,
iron-reducing microorganisms use acetate and hydrogen as electron donors. Methanogens and
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halorespiring bacteria have also been shown to compete with sulfate- and iron-reducers at low
iron concentrations (Chapelle, 2001).
Additionally, Dryzyzga et al. showed that syntropic relationships exist between sulfatereducing and dehalorespiring bacteria at limited sulfate concentrations. This is accomplished
through interspecies hydrogen transfer where the sulfate reducer gains energy by fermenting
lactate and using dehalogenating bacteria as a biological electron acceptor. The sulfate-reducers
respond by releasing hydrogen used in dehalorespiration (Drzyzga, Gerritse, Dijk, Elissen, &
Gottschal, 2001).
Heterogeneity allows for mixtures of oxidation and reductive processes to occur spatially
or temporally resulting in branched biodegradation pathways and complete degradation. The
presence of reduced forms of PCE such as cis-DCE and VC in environments where no
contamination of these chlorinated aliphatic hydrocarbons (CAHs) has occurred serves as
evidence of microbial dehalogenation.
Hydrocarbons are removed from wetlands via five major routes: (1) volatilization, (2)
photochemical oxidation, (3) sedimentation, (4) sorption, and (5) biological degradation (Kadlec
& Knight, 1996). The main focus of this study relates to the biological pathway associated with
the dechlorination of PCE. Chlorinated aliphatic hydrocarbon biodegradation occurs by five
basic mechanisms: (1) abiotic dechlorination, (2) energy-yielding oxidation, (3) cometabolic
oxidation, (4) cometabolic reductive dehalogenation, and (5) energy-yielding reductive
dehalogenation (Lee, Odom, & Buchanan, 1998; Maier, Pepper, & Gerba, 2000). See Appendix
B for a listing of known dechlorinating bacteria that use any of the pathways described below.
Abiotic Dehalogenation
Abiotic dehalogenation, also referred to as substitution, (see Figure 3) is a process in
which the chlorine is substituted by the reaction of various complexes of reduced metals and
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humic acids. Halogenated aliphatic compounds generally degrade slower than aliphatics without
halogen substitution. Janssen et al.’s study (as cited in Maier, Pepper, & Gerba, 2000) shows
that the presence of two or three chlorines bound to a carbon atom inhibits aerobic degradation.
Bouwer (1994) observed that the abiotic dechlorination of PCE was approximately 6,000 times
slower than reductive cometabolism.
CH2=CHCl + H2O → CH2CH2OH + H+ + ClFigure 3. Abiotic Substitution of VC.
Energy-Yielding Oxidation
Energy-yielding oxidation is known to occur in the aerobic degradation of reduced
organochlorine species such as VC and DCE. Bacteria capable of using reduced chloroethenes
as carbon sources include Mycobacterium sp., Rhodococcus sp., Actinomycetales sp.,
Nitrosomonas sp., Nocardioides strains, and possibly Geobacter sp. as cited by Coleman et al.,
(2002) and Lee et al., (1998).
Cometabolic Oxidations
Cometabolism occurs when a microbially produced enzyme degrades a substrate that is
not used as a carbon source or for energy metabolism. The cometabolic degradation of a CAH
may even be harmful to the microorganism responsible for the production of the enzyme or
cofactor (Wiedemeier, Swanson, Moutoux, Wilson, Kampbell, Hanson, & Haas, 1997).
Methanotrophic bacteria produce the enzymes methane monooxygenase (MMO) and
dioxygenase which act as catalysts for the oxidation reaction of methane to methanol. The
enzymes are also known to oxidize chlorinated compounds. TCE, cis-DCE, and VC can be
degraded in this manner via methanotrophic bacteria during the normal oxidation of
hydrocarbons such as toluene, phenol, methane, or propane (Lee, Odom, & Buchanan, 1998;
Chapelle, 2001). The presence of methane, however, competes for the available MMO,
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hindering the degradation of chlorinated solvents (Semprini, 1995). This process has been used
to degrade solvents when sufficient oxygen and co-substrates are present. PCE, however, has
not been shown to degrade in this manner. Additionally, since it is rare for significant
concentrations of methane to exist with dissolved oxygen, cometabolic oxidation is rare in most
ground-waters and may require the addition of a substrate in order to produce effective enzyme
expression (Chapelle, 2001).
Cometabolic Reductive Dehalogenation
Biodegradation of PCE within wetlands is thought to occur mainly by cometabolic
reductive dehalogenation, since groundwater and hydrophilic soils are limited in oxygen. In
these strictly anaerobic environments containing organic electron donors or hydrogen, this is
thought to be the predominant mechanism of PCE dechlorination. Reductive dehalogenation is
mediated by reduced transition metal complexes. In the first step of reductive dehalogenation,
electrons are transferred from a reduced metal to the halogenated aliphatic, resulting in freeing of
a halogen ion (Maier, Pepper, & Gerba, 2000). The reaction carried out by this type of bacteria
is not considered energy-yielding but rather cometabolic because only a small fraction of the
energy derived from the oxidation of electron donors is used to reduce the solvent. In wetlands,
where high levels of organics and intense methanogenic or sulfidogenic respiration can be found,
reductive dehalogenation can be significant (Lee, Odom, & Buchanan, 1998).
Energy-Yielding Reductive Dehalogenation: Dehalorespiration
Dehalorepiration refers to energy-yielding reductions where cells use the solvents as an
electron acceptor for ATP-generation under anaerobic conditions. These bacteria differ from the
cometabolic anaerobes found among sulfate-reducers and methanogens (Lee, Odom, &
Buchanan, 1998). Dehalococcoides ethenogenes is the only species currently known to
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completely dechlorinate PCE to ethene in this manner. Figure 4 provides an illustration of
electron exchanges leading to the replacement of chlorine ions with hydrogen.

H++2eCl-

H++2e-

Cl-

H++2e+

H +2
-

Cl-

Cl-

H++2eCl-

ClH++2e-

Cl-

H++2e-

H++2eCl-

Figure 4. Reductive Dechlorination of PCE. (Adapted from Hageman, Istok, Field, Buscheck,
& Semprini, 2001)
Aerobic conditions tend to favor biodegradation of compounds with few halogen
substituents, while anaerobic conditions favor higher number halogen substituents. Therefore,
complete degradation of PCE to ethene is typically dependant on mixed aerobic and anaerobic
conditions. The four biodegradation pathways described above have been well studied and
proven to provide the necessary reactions and conditions to remove and/or transform chlorinated
solvents from groundwater. The sequential process is shown in Figure 5. In aerobic conditions,
DCE and VC can be oxidized directly to carbon dioxide and chloride. At the interface between
aerobic and anaerobic microenvironments, where methane and oxygen are both available,
cometabolic oxidations can convert chlorinated ethenes to carbon dioxide and chloride. In
anaerobic environments where electron donors such as organic carbon or hydrogen are present,
reductive dehalogenation is the predominant mechanism (Lee, Odom, & Buchanan, 1998).
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Figure 5. Relationship between different biological mechanisms within a wetland aquifer with
both aerobic and anaerobic conditions (Lee, Odom, & Buchanan, 1998).
Microbial dechlorination of PCE occurs sequentially as described in Figures 4 and 5.
PCE is first reduced to TCE and then to DCE, primarily cis-1,2-DCE (trans-1,2-DCE and 1,1DCE are also possible isomer products, but are observed at low concentrations; Song, Conrad,
Sorenson, & Alvarez-Cohen, 2002) then to VC, and ultimately, ethene. At each step a chloride
ion (Cl-) is replaced by a hydrogen ion (H+) and two donated electrons. Reductive dechlorination
of TCE occurs under Fe(III)-reducing, sulfate-reducing, and methanogenic conditions (Chapelle,
2001). Complete dechlorination of PCE has been observed under methanogenic conditions in
the case of Dehalococcoides ethenogenes strain 195; however, the entire process is rarely
completed by a single bacterium using the chlorinated ethene as an energy source or via
cometabolism. More common is the incomplete degradation of PCE, and possible accumulation
of its more harmful constituents.
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Bacteria responsible for dechlorination belong to five different groups, including
facultative anaerobes, nitrate reducers, and sulfate reducers (Holliger, Hahn, Harmsen, Ludwig,
Schumacher, & Tindall, 1998).
DNA Analysis and Microbial Identification
Current estimates indicate that less than 0.5% of the microorganisms present in soil are
readily culturable (Torsvik, Goksoyr, & Daae, 1990). The identification and assessment of
microbial diversity and activity have been limited to the study of culturable microorganisms until
the advent of advanced genetic techniques of detection.
Molecular techniques, such as separation of cells from soil followed by lysis of the cells
to release the DNA, have become prevalent in order to conduct more precise assessments of the
microbial community. They allow investigation of a community without culture biases by
targeting ribosomal DNA (rDNA) for identification and providing a sequence to compare against
all identified species. Specifically, sequence variation in the 16S rDNA gene has allowed for
inferring evolutionary relatedness among microbes and is used to determine genetic diversity
(Woese, 1987). The 16S rDNA gene has a length of approximately 1550 base pairs (bp) and
provides sufficient information for phylogenetic analysis (S. A. Smith, 2005; Amann, Ludwig, &
Schleifer, 1995). The primary steps of 16S rDNA analysis include (1) DNA extraction, (2) PCR
amplification, (3) cloning, (4) sequencing, and (5) comparative analysis of retrieved sequences
(Figure 6). This is a vast improvement over phenotypic methods, which only recover the
culturable bacteria and offer little towards identifying bacterial dominance within a population.
Thus, molecular techniques have greatly enhanced the understanding of microbial phylogeny and
community composition.
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Figure 6. Steps in DNA analysis using PCR amplification.
Central to the tremendous increase in microbial identification and knowledge over the
past 15 years has been the process of polymerase chain reaction (PCR) for obtaining sequences
from environmental samples. This is an enzymatic reaction that allows amplification of DNA in
vitro. A detailed description of PCR can be reviewed in Appendix D.
The use of PCR and its utility in providing an accurate characterization of the bacterial
community, speed, sensitivity, and relatively low cost far out-weigh any disadvantages, while
providing tremendous benefits, above and beyond traditional culture methods. Additionally,
numerous computer programs assist in identifying and rectifying potential errors generated
during this process.
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DNA Extraction
Prior to PCR, the soil sample must be extensively processed to remove inhibitory
substances and release DNA, a process known as extraction. Nucleic acids extracted from soil
samples contain many impurities, such as humic acid and clay. Humic compounds are major
inhibitors of PCR and interfere with lytic enzymes, bind to DNA and proteins, and interfere with
DNA polymerase binding (Tsai & Rochelle, 2001). Thus, numerous extraction techniques have
been developed in order to provide an extract which is as free as possible from humics. Optimal
DNA extraction from soil samples with high humic content can be achieved by the glass bead
beater method, using marketed kits such as the PowerSoil™ DNA Isolation Kit (Mo Bio
Laboratories, Inc., Carlsbad, CA, 2004), as described in the Methods section of this thesis and
Appendix C.
Use of the 16S rRNA gene for Microbial Classification
The 16S rRNA gene sequence is about 1,550 bp long and is composed of both variable
and conserved regions (Baker, Smith, & Cowan, 2003; Clarridge, 2004). The gene is large
enough to provide distinguishing and statistically valid measurements of evolutionary relatedness
and, thus, phylogentic placement. Through the sequencing of PCR-amplified 16S rDNA
evolutionary similarity can be inferred and has revolutionized taxonomy. For example,
differences among the three domains (Bacteria, Archaea, and Eucarya) was clarified by Carl
Woese through the use of 16S rRNA sequence data and has been used to reconstruct the
universal phylogeny of cellular life (Woese & Fox, 1977; Woese, 1987).
Choosing the correct primers for amplification of the 16S rDNA genes is dependent upon
the research criteria. For example, if a specific genus of bacteria is being sought then only
sequences within the variable regions that are unique to those bacteria are needed. However, for
this study, where we wanted to identify as many members of a consortium as possible, so
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sequences of the gene were utilized for primer annealing. The conserved sequences are
sequences found in almost all known bacterial species and are considered “universal”. Universal
primers are complementary to the conserved regions within the 16S sequence, and the conserved
regions are interspersed with variable regions that can be used for comparative taxonomy
(Clarridge, 2004). However, research has shown that “universal” primers are not necessarily
complementary to all sequences that exist in GenBank today, as discussed below (Baker, Smith,
& Cowan, 2003).
Comparative Analysis & Phylogeny
Phylogenetic comparisons are made by comparison with listed sequences in databases
such as GenBank (http://www.ncbi.nih.gov/Genbank), Ribosomal Database Project-II
(http://rdp.cme.msu.edu), and European Molecular Biology Laboratory
(http://www.ebi.ac.uk/embl/). GenBank is the largest databank of nucleotide sequences and has
over 54 million deposited sequences, of which over 165,000 are from the 16S rRNA gene
(Benson, Karsch-Mizrachi, Lipman, Ostell, & Wheeler, 2005). The Ribosomal Database
Project-II database has over 101,632 bacterial small subunit rRNA gene sequences and assists in
phylogenetically classifying isolated sequences (Cole, Chai, Farris, Wang, Kulam, & McGarrell,
2005).
Rochelle (2001) reports that “while many of the sequences display similarity to cultured
and identified bacteria, each separate investigation generates ‘novel’ sequences with very little
homology to recognized bacterial species.” Some reportedly “novel” 16S rRNA sequences in
GenBank contain large regions of cloning vector, possibly due to less than careful editing and
analysis prior to submittal (Rochelle, 2001).
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Tools for Sequence Analysis
BLAST (Basic Local Alignment Search Tool) is probably the best-known sequence
analysis program, which compares two sequences through an algorithmic alignment process.
The algorithm starts by looking for exact matches, and then expands the aligned regions by
allowing for mismatches (Altschul, Gish, Miller, Myers, & Lipman, 1990). “Megablast is
specifically designed to efficiently find long alignments between very similar sequences”
(National Center for Biotechnology Information, 2006) and provides data such as percent
identity to “hit”, e-value, and bit scores.
The expected value (E-Value) is the probability that you would observe a “hit” purely by
chance when you do a search against a database of a particular size. The lower the E-value, the
more "significant" the match is. However, the E-value calculation also takes into account the
length of the sequence. Thus, shorter sequences have a higher probability of occurring in the
database purely by chance (National Center for Biotechnology Information, 2006).
The “Bit Score” also represents a probability level for sequence comparisons that is
independent of the size of the sequence. It serves an indication of how good the alignment is; the
higher the score, the better the alignment.
By normalizing a raw score using the formula:

a "bit score" S is attained, which has a standard set of units, and where K and lambda
are the statistical parameters of the scoring system. A key element in this calculation
is the BLOSUM62 substitution matrix, which assigns a score for aligning any possible
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pair of residues and is well beyond the scope of literature review (National Center for
Biotechnology Information, 2006).
There are many possible problems with the sequences produced which must be addressed
prior to classification. They include residual removal outside primer sequences, gaps,
ambiguous sequences (“N”), and nucleotide runs. Residuals can be easily removed using
programs such as Bioedit v7.0.5 (Brown, 1999) software package or even Microsoft Word.
These residuals are excluded when pairwise alignment is conducted in MegaBLAST which
results in a match of the query against it closest matches or by trimming based on primer match.
Sequences may also match a sequence’s reverse compliment, which is easily identified in
MegaBLAST.
A gap occurs when the sequencer either erroneously inserts a base or removes a base,
causing a shift in alignment. When gaps are found the chromatogram should be viewed to
determine possible causes. The chromatogram at this position may show that a base pair is
missing or one has been added such as the addition of an “N” (Pruden, 2005). The matching base
pair can be added or deleted.
Another editing step, which is should be done conservatively, is editing for Ns. For this
there is a need to look at numerous BLAST pairwise alignments to the sequence submitted and
determine if at the position of “N” there is consistent with a certain nucleotide. If there is
consistency than it may be possible to change the “N” if the chromatogram shows the peak of
that nucleotide is highest at that position. (Pruden, 2005)
Garrity, et al. (2004) present a classification scheme for prokaryotes based on 16S rRNA
sequence analysis in Bergey's Manual of Systematic Bacteriology (Garrity, Bell, & Lilburn,
2004). RDP’s Classifier program places the sequences into a taxonomic level consistent with
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this updated taxonomy (Cole, Chai, Farris, Wang, Kulam, & McGarrell, 2005) and returns a
value “based on the number of times, out of 100 trials, that random subsets of the query sequence
match sequences assigned to that taxon;” (Janssen, 2006).
Phylogenetic trees are used to describe evolutionary relatedness between sequences. In
order to show sequence relationships on a rooted tree, the most distant sequence is used to root
the tree. The root describes common ancestory. Unrooted trees may also be used to describe
evolutionary relatedness without identifying a common ancestor. As an example, if two
sequences are very similar then they will be located adjacent to one another on outside branches
(National Center for Biotechnology Information, 2004).
Species’ rDNA sequence variations differ with respect to increasing phylogenetic
distance. Comparisons are commonly shown as phylograms which show evolutionary
relatedness of sequences against an “outgroup” the primary sequence against which a sequence is
compared (Clarridge, 2004).
Taxonomic classification is a science in itself and is beyond the scope of this literature
review. The literature offers a multitude of software programs and mathematical algorithms
which enable a researcher to show evolutionary relatedness, however, no recognizably “correct”
way to organize a tree is offered by taxonomists. Thus, it is left to the researcher to pick a
method which enables a relatively clear representation of relatedness. Several web-based
programs are available for estimating phylogenies and creating trees. PHYLIP (PHYLogeny
Inference Package) (Felsenstein, 2005) is one of these that is most commonly used.
Classification Considerations
Numerous problems exist when attempting to classify bacterial diversity, most notably
the lack of taxonomic knowledge. It is difficult to describe diversity when there is no solid
consensus on the proper way to categorize or identify species. The recognized definition of
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species is based upon chromosomal DNA similarity. “The phylogenetic definition of species
generally would include strains with approximately 70% or greater DNA-DNA relatedness and a
5ºC or less ΔTm,” (Liu & Stahl, 2002). For lack of a better alternative, bacterial taxonomists
agreed to define a species on the basis of a DNA-DNA similarity of more than 70% (Wayne,
Brenner, Colwell, Grimont, Kandler, & Krichevsky, 1988).
DNA-DNA relatedness is determined through DNA-DNA hybridization analysis and
should not be confused with homology of 16S rRNA gene sequences. Stackebrandt and Goebel
(1994) report, “if the isolate shares less than 97% sequence similarity with the nearest
phylogenetic neighbor, then DNA-DNA reassociation studies are unnecessary, because the latter
values will range clearly below the 70% reassociation borderline value recommended for species
definition.”(Stackebrandt & Goebel, 1994)
Diversity Statistics
Since soils microbial communities are so heterogenous and many species rare, it is difficult
to determine the number of species from even an extensive sampling effort. Thus a number of
indices have been derived to estimate species richness, diversity, and dominance. Diversity
indices are numerous and each has its own strengths and weaknesses. The Shannon-Wiener
diversity index:
s

H = ∑ (Pi )(ln Pi )
i =1

where Pi is the proportion of total sample belonging to ith species, is one such measure that is
commonly used to measure diversity. It essentially measures the degree of uncertainty
associated with predicting the identity of a randomly picked individual, e.g., “high diversity
means high uncertainty” (R. L. Smith & Smith, 2003). Another common index used is the
Simpson’s Index:
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s

2

D = 1 − ∑ (Pi ) Pi
i =1

which is, essentially, the probability of picking two organisms at random that are different
species (Krebs, 1978). The problem with the two preceding indices is that they rely on the
assumption that the total number of species is known.
Chao proposed an estimator for species richness that takes the form:
S*Chao1 = Sobs + (a2/2b)
where Sobs is the number of species observed in a sample, “a” is the number of species observed
once and “b” is the number of species observed just twice (Chao, 1984; Colwell, 2005).
Another useful estimate of species richness is the Abundance-based Coverage Estimator
(ACE) (Chao & Lee, 1992; Chazdon, Colwell, Denslow, & Guariguata, 1998). This estimate is
the proportion of all individuals in rare species that are not singletons. Singletons are
individuals that show only one occurrence:

where Fi is frequency of i occurrences, Sabund is the number of common species ( ≥ 10
individuals), Srare is number of rare species (<10 individuals), and γ2 is the coefficient of
variation of the Fi's found by:

, where

is the sample coverage estimate, and
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is the total number of individuals in rare species.
“Note: The formula for ACE is undefined when all Rare species are Singletons
(F1 = Nrare, yielding C = 0). In this case, EstimateS (the program used to compute
estimates) computes the bias-corrected form of Chao1 instead” (Colwell, 2005).
If sampling effort is different among data sets, then rarefaction allows the comparison of
the number of species found in two regions and answers how many species would have been
found in smaller data set if sampling effort was equal (Hurlbert, 1971).
EstimateS is a program available from http://viceroy.eeb.uconn.edu/EstimateS (Colwell,
2005) that computes ACE and Chao1 non-parametric species richness estimates as well as
Shannon-Weiner and Simpson’s Indices among others. It does this through computing a data set
input by the user in the correct tab-delimited format and using both randomization and
rarefaction. Complete explanations of the equations used is lengthy and beyond the scope of this
thesis. Colwell (2005) should be referred to for a more in depth explanation and links to cited
literature.
Summary

Complete reductive dechlorination of PCE has been observed more commonly in mixed
cultures or in field studies rather than pure cultures (Flynn, Löffler, & Tiedje, 2000). Knowledge
about the microbial communities inhabiting wetland soils occupied by different species would
greatly enhance the understanding of nutrient flux and the proper mix of organisms to
incorporate when constructing a wetland for the purposes of treating chlorinated ethenes.
Microbial populations and nutrient availability are fundamental elements in this process.
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Flynn, et al. (2000) have suggested that at least two populations are responsible for
sequential dechlorination of tetrachloroethylene (PCE) to ethene. Thus, knowledge of the
biodegradation pathways of PCE and associated bacterial communities are of great importance.
Genetic techniques are the means of achieving a more complete understanding.
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III. Methodology
Experimental Overview

Previous research describing the dehalogenating aspects of the treatment wetland
constructed at WPAFB dealt mainly with characterizing the transformation of chlorinated
solvents to their more reduced forms. This research focuses on the relationship between the
established dominant vegetation within the wetland cells and the subsurface microbial
community. We investigate the microbial community in the rhizospheres of these plants prior to
their exposure to PCE, in order to establish baseline data for comparison with rhizosphere
communities that have been exposed to PCE in future studies.
The effects of Carex comosa, Scirpus atrovirens, and Eleocharis erythropoda on the
spatial dominance of soil bacteria within a constructed reductive dechlorination wetland was
evaluated through the construction of greenhouse mesocosms fed with dilute amounts of PCE
through a vertical up-flow design representative of a ground water fed wetland. DNA was
extracted from soil samples taken at different vertical depths after the establishment of plants
within the mesocosms prior to PCE injection. 16S rDNA PCR and sequence analysis was used
to examine the microbial communities within the rhizospheres of these plants.
Mesocosm Design and Construction

Twelve 5-foot mesocosms were constructed of 6-in PVC pipe at a height representative
of the depth of the WPAFB treatment wetland. Soil sampling ports were then placed every 9inches along the vertical length of the columns and sealed with PVC cement. Additional
sampling ports were also placed along the column to allow for gas chromatography analysis.
These ports were established radially to adjacent ports at 30 degrees offset in order to minimize
upward flow disruption of water within the columns. The bottom 6 inches was filled with gravel
to allow for even distribution of inflow. The inflow port was fitted with a 1/4 inch barbed fitting.
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Water levels were maintained by gravity through 3/8 inch holes drilled 2 inches below the top of
each column. Figure 7 provides a diagram of mesocosm design and sampling ports.

Figure 7. Column Design. All measurements are in inches. Soil sampling ports arranged
every 9 inches.

Soil was obtained from the Beavercreek Wetlands and inoculated with soil from WPAFB
treatment wetland. Inoculum was collected on 19 May 2005 by coring within the WPAFB
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treatment wetland, Cell 1, followed by thorough homogenation in a mixing bed. Following soil
homogenization columns were filled to a depth of 54 inches on 23 May 2005. Sedges were
identified via dichotomous keys and planted with one species per column. The columns were
arranged randomly (See Table 5), and the upflow conditions were replicated by pumping water
into the columns at mean flow rate of 2.0 mL/min through Masterflex silicon tubing. Two
peristaltic pumps fitted with 6 cartridges each pumped water from a 30 gallon water reservoir
filled with distilled water and tap water at approximately a 1:1 ratio achieving a conductivity of
750 µS. PCE was injected beginning 7 Sept 2005 at a flow rate of 1.6 ml/hr between the
peristaltic pumps and an intermediate mixing chamber in order to achieve an average PCE
concentration of 50 ppb.
Table 5. Column Plantings
Column
1
2
3
4
5
6
7
8
9

Species

Carex comosa
Carex comosa
Blank

Eleocharis erythropoda
Scirpus atrovirens
Scirpus atrovirens
Eleocharis erythropoda
Blank

Scirpus atrovirens
Eleocharis erythropoda

10
11

Blank

12

Scirpus atrovirens

Soil Sampling

Two 50 g inoculated soil samples were taken at the time of homogenation and stored at
-80°C in AFIT laboratory. On 23 August 2005, 5 g soil samples were aseptically taken from the
center of each column through the sampling ports at depths of 13, 31, and 49 inches using a
flamed metal spatula. Samples were collected with sterile 50 ml conical tubes. Significant root
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mass was present in planted columns at shallowest depth while roots of E. erythropoda were
encountered at mid-level samples.
Laboratory Methods

One of the greatest challenges in the PCR process is in maintaining
unaltered/uncontaminated samples from the initial point of origin (mesocosms) through postextraction procedures. Thus, great care was taken in ensuring sterile sampling tools and
minimized transit time. Samples were taken directly from mesocosms at WSU greenhouse to an
-80°C freezer within 45 minutes of extraction. Sterile conditions were maintained during DNA
extraction and PCR by using a laminar flow hood, which was cleaned daily with 15% bleach and
70% ethanol, followed by a minimum of 15 minutes of UV light exposure. All equipment,
glassware, and plasticware were autoclaved. Latex gloves were frequently changed and cleaned
with bleach and ethanol dilutions. Glove exchanges occurred between samples in processes such
as extraction, PCR preparation, and loading gel processes to prevent cross-contamination of
samples.
DNA Extraction

Two 50 g samples of inoculated soil were obtained prior to addition of soils into
mesocosms and labeled “SI5” and “SI6”. After establishment of the emergent plants thirty-six 5
g samples were aseptically removed from the center of mesocosms through soil sampling ports at
a depth of 13, 31, and 49 inches. Soil samples were labeled with the letter “A” signifying the
month of extraction; 1st number represents column; 2nd number represents depth, with 1,2, and
3 representing bottom, middle, and top, respectively. (e.g. A=August, 1=Column 1; 2=Middle
Depth).
Soil samples were centrifuged at 10,000 rpm for 20 seconds in order to eliminate excess
water and allow for highest degree of soil wt/vol sample. Samples were then homogenized by
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thoroughly mixing samples with plastic pestle for 30 seconds and 2 g subsamples extracted from
each 5 g sample. Mo Bio's PowerSoil™ DNA Isolation Kit was used to purify and extract DNA
from 0.25 g subsamples (Appendix C). Two buffer negative controls were included during each
extraction evolution; these were soil negative samples ran simultaneously with the same protocol
and solutions in order to ensure no contamination during extraction. For the controls, 250 μl of
sterilized distilled water was used in place of the 0.25 g soil subsamples. DNA extracts were
stored at -80°C.
PCR

PCR amplification was performed using a domain-specific 16S rRNA primer E8F [5’AGAGTTTGATCCTGGCTCAG3’, E. coli 16S rDNA positions 8 to 27] and the
degenerate primer E533R [5’TIACCGIIICTICTGGCAC3’, E. coli 16S rDNA positions 533 to
515], both with a final concentration of 0.4 μM. E533R uses deoxyinosine at nucleotide
positions where PCR mismatches are common (Watanabe, Kodama, & Harayama, 2001). 16S
rDNA was amplified from approximately 187 ng of extracted DNA (average concentration of
template DNA was 17.8 ng/µl) prepared with PCR buffer, MgCl2, deoxynucleoside
triphosphates, primers, Qiagen’s HotStarTaq polymerase (QIAGEN, Valencia, CA), and DNA
template in 25 µl volumes following the protocol and dilutions outlined in Appendices D and F,
respectively. An Eppendorf Mastercycler thermocycler with the program below was used:
•
•
•
•
•
•
•

Lid Temp = 105°C
Initial denaturation: T = 95°C for 15 minutes. Due to the unique attachment of an
antibody preventing false denaturation, an extended denaturation time was necessary.
Denaturation: T = 94°C for 1 minute.
Annealing: T = 46°C (Empirically derived) for 1 minute.
Extension: T = 72°C for 1 minute.
29 repetitions for a total of 30 cycles.
Holding Temperature: T = 4°C.
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Annealing temperatures (TA) were estimated based on the size and composition of the
primers as follows and confirmed by Baker et al. (2003):
E8F
TA = 4(G+C) + 2(A+T) - 5 °C
= 4(6+4) +2(4+6) - 5 °C
= 55 °C

E533R
TA empirically derived and proven
effective from 40-55 °C (Watanabe et
al., 2001).

*Note: Based on empirical testing the annealing temperature was lowered to 46 °C.
In order to minimize PCR bias in subsequent cloning steps, two separate reactions were
run for each DNA extract. If reactions were successful, as determined by gel electrophoresis,
they were pooled prior to subsequent cloning as described below.
DNA Concentrations

Unsuccessful gel electrophoresis results were common place, initially, due to changes in
Taq polymerase used (Qiagen’s HotStarTaq and Promega’s GoTaq), high DNA concentrations
present in template, or presence of inhibitory material. Other possible causes included problems
in extraction resulting in residual humic material or contamination with Mo Bio’s “C6” solution.
To determine the root of negative results a spectrophotometer was used to determine DNA
concentrations in gels with poor results. Spectrophotometer readings were obtained at a 1:100
concentration of template DNA to determine amount of DNA present prior to attempting a
second PCR with those that gave false negative readings. Unfortunately, the lab’s
spectrophotometer was malfunctioning and DNA concentrations had to be derived empirically.
Later readings on an ND-1000 Spectrophotometer (NanoDrop Technologies, Wilmington, DE)
revealed A260/A280 and A260/A230 ratios for the purified soil bacterium were 1.62 to 2.00 and 0.57
to 1.6, respectively, signifying relatively clean DNA extractions, although at widely varying
concentrations.
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Gel Electrophoresis

The PCR-amplified samples were loaded on a 0.8% agarose gel with 0.1% ethidium
bromide and run at 95 V for 35 minutes at room temperature with a 1X TAE (Tris-AcetateEDTA) buffer (see Appendix E for TAE recipe). The gel image was digitized using a Kodak Gel
Logic 200 system. See Appendix G for results.
Cloning

The successful PCR amplifications were duplicated, pooled, then cloned using Topo TA

Cloning 2.1 Kit (Invitrogen, Carlsbad, CA) and transformed into Escherichia coli according to
protocol included in Appendix H. TOPO TA Cloning provides a highly efficient, one-step
cloning strategy for the direct insertion of Taq polymerase-amplified PCR products into a
plasmid vector (pCR2.1-TOPO®). The plasmid vector was supplied linearized with a single 3´thymidine (T) overhang for TA Cloning and had the enzyme topoisomerase covalently bound to
the vector. Taq polymerase used in PCR had a transferase activity that added a single adenosine
(A) to the 3´ ends of PCR products allowing PCR inserts to ligate efficiently with the vector,
while toposoimerase I binds to duplex DNA at specific sites and cleaves after 5′-CCCTT in one
strand (Invitrogen Corporation, 2004).
The One Shot® E. coli competent cells were very fragile and were handled with care.
They were stored at -80 °C and thawed on ice. Kanamycin at a concentration of 25 μg/ml was
chosen as the selective agent in growth media. Three LB-kanamycin agar gel plates with 40
μg/ml X-gal were used per transformation with approximately 100 μl, 100 μl, and 80 μl,
respectively, added to each plate. LB (Luria-Bertani) medium is a rich broth solution with a
composition of 1% Tryptone, 0.5% yeast extract, 1.0% NaCl. The following recipe was used to
prepare a 1 Liter solution:
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Luria Bertani Medium (LB):
•
•
•
•
•
•

10.0g Tryptone (enzymatically digested milk protein casein - supplies amino acids)
5.0 g of Yeast Extract (supplies lots of nutrients)
1g glucose
10.0g NaCl
deionized, distilled water to 1 liter
Adjust to pH ~7.2

Plates were prepared by adding 15g/L agar, autoclaving on liquid cycle for 20 minutes at
15psi, cooled in tempering bath to 55°C, kanamycin (final concentration of 25 μg/ml) added, Xgal (final concentration of 40 μg/ml) added, and plates poured and allowed to cool.
After overnight incubation at 37°C, five white colonies were chosen from each plate and one
blue colony (only for initial set of incubations in order to compare with white colonies) per
transformation and grown overnight at 37°C in 2 ml LB-kanamycin (25 μg/ml) media. Qiagen’s
QIAprep Spin Miniprep Kit (Qiagen Inc., Valencia, CA) was used to purify and isolate plasmid
DNA (Appendix L).
Restriction Enzyme Digestion

In order to test for successful insertion of PCR products into the Topo-TA vector, EcoR1
(Promega) restriction digestion followed by visualization on 1% agarose gel along with λHindIII DNA standard was done. The following is the digestion reaction mixture presented in the
order prepared and steps:
•
•
•
•
•
•
•
•
•

Sterile DI H2O---12.3 μl
RE10X Buffer----2 μl
BSA----------------0.2 μl
DNA----------------5 μl
Mix by pipetting
EcoRI enzyme----0.5 μl
Mix by pipetting
Centrifuge ~30 sec @ 13,000 rpm
Incubate at 37 °C for 3 hrs
Run entire sample on 1% agarose gel. See Appendix I for results.
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Sequencing

Sequencing reactions were prepared using the GenomeLab Methods Development Kit
(Beckman Colter Inc., Fullerton, CA). Dye terminator cycle sequencing reactions were prepared
according to manufacturer’s instructions with the M13 -47 sequencing primer and dITP
sequencing chemistry (Appendix K). DNA template amounts were determined based on
isolation concentrations attained from NanoDrop® ND-1000 spectrophotometer (Appendix J)
and a recommended molar ratio of primer to template of ≥40:1(Beckman Coulter Inc., 2005).
The DNA was also pre-heated for 1 min at 96 °C in order to ensure the plasmid was denatured,
straightening it and releasing some of the impurities that adhere to it (Beckman Coulter Inc.,
2005).
Samples were prepared and thermocycled on 96-well plates. Sequencing reactions were
then transferred to polypropylene sample plates provided by Beckman-Coulter for use with the
CEQ8000 sequencer. In these plates, samples were precipitated in 95% ethanol, and washed
with 70% ethanol according to provided protocol. In order to remove remaining supernatant at
the end of the ethanol wash, plates were centrifuged upside down at 200 rpm for 20 seconds,
allowed to dry, and then pellets were resuspended in provided “Sample Loading Solution.”
Sequencing products were analyzed with a CEQ 8000 Genetic Analysis System (Beckman Colter
Inc., Fullerton, CA).
Comparative Analysis & Phylogeny

Nearest sequence matches were determined using NIH’s MegaBLAST program
(http://www.ncbi.nlm.nih.gov) (Altschul, Gish, Miller, Myers, & Lipman, 1990). The accession
numbers (“AJ416168” as shown in Figure 8 below) are then cross referenced in order to provide
a the closest match’s entire sequence, definition, isolation source, and related research. The
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ClustalW interface within Bioedit v7.0.5 (Brown, 1999) software package was used to align
sequences to matching counterparts with the highest Bit Score.
Editing was done conservatively. Figure 8 is provided as an example of a BLAST result
used for editing. The upper section of Figure 8 shows a summary of the sequence for
matches against sample A12.2.3. The color red indicates a good match (>200 bp). Residuals
(sequence segments outside of pairwise alignment) were removed using Bioedit v7.0.5 (Brown,
1999) software package after pairwise alignment was conducted in MegaBLAST. Pairwise
alignment resulted in a matches of the “query” against it closest “subject.” When gaps were
found the chromatogram was viewed to determine possible causes. If the chromatogram at a
gapped position showed that a base pair is missing or one has been added such as the addition of
an “N” (Pruden, 2005) in a run of the same nucleotide, then the matching base pair was added or
deleted.

Query= A12.2.3
Length=753

Alignments
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>
gi|22265966|emb|AJ416168.1|ST416168
rRNA gene, clone Sta0-45
Length=598

Uncultured bacterium partial 16S

Score = 798 bits (432), Expect = 0.0
Identities = 485/508 (95%), Gaps = 13/508 (2%)
Strand=Plus/Plus
Query

121

Sbjct

1

Query

179

Sbjct

60

Query

239

Sbjct

119

Query

299

Sbjct

178

Query

359

Sbjct

236

Query

419

Sbjct

294

Query

479

Sbjct

353

Query

539

Sbjct

411

Query

599

Sbjct

470

GATGAAACGCTAGC-GGA-GCTTAACACATGCAAGTCGTGGGGCAGCACAGGTAGCAATA
|||| ||||||||| ||| |||||||||||||||||||||||||||||||||||||||||
GATG-AACGCTAGCGGGAGGCTTAACACATGCAAGTCGTGGGGCAGCACAGGTAGCAATA

178

CTGGGTGGCGAACCGGCGCACGGGTGAGTAACGCGTATGCAACCTGCCCTGTACAGGGGG
||||||||||| ||||||||||||||||||||||||||||||||||||||||||||||||
CTGGGTGGCGA-CCGGCGCACGGGTGAGTAACGCGTATGCAACCTGCCCTGTACAGGGGG

238

ATAAGCCCGGAGAAATTCGGATTAATACCCCATAAAGATATGAGAAGGCATCTTTTTATA
||| ||||||||||||||||||||||||||||||||||||||||||||||||||||||||
ATA-GCCCGGAGAAATTCGGATTAATACCCCATAAAGATATGAGAAGGCATCTTTTTATA

298

TTTAAAGTTTCGGCGGTACGGGATGGGCATGCGTGACATTATTTCTAGTTGGCAGGGTAA
|||||||||||||||||||||||||||||||||||||||||
||||||||||||||||
TTTAAAGTTTCGGCGGTACGGGATGGGCATGCGTGACATTAG--CTAGTTGGCAGGGTAA

358

CGGCCTAACCAAGGCTTCGATGTCTAGGGGTCCTGAGAGGGTGATCCCCCACACTGGATA
||||||| ||||||||||||||||||||||||||||||||||||||||||||||||| ||
CGGCCTA-CCAAGGCTTCGATGTCTAGGGGTCCTGAGAGGGTGATCCCCCACACTGG-TA

418

CTGAGACACGGACCAGACTCCATACGGGAGGCATCAGTGAGGAATATTGGTCAATGGGCG
||||||||||||||||||||| ||||||||||| ||||||||||||||||||||||||||
CTGAGACACGGACCAGACTCC-TACGGGAGGCAGCAGTGAGGAATATTGGTCAATGGGCG

478

CAAGCCTGAACCCAACCCATCCCGCGTGCAAGAAGAACGCGCTATGCGTCGTAAACTGCT
|||||||||||| | || |||||||||||| |||||| ||||||||||||||||||||||
CAAGCCTGAACC-AGCC-ATCCCGCGTGCAGGAAGAAGGCGCTATGCGTCGTAAACTGCT

538

TTTGCAGGGGAAGAAAATCCCGTACGTGTACGGGACTGACCGTACCCTGTGAATAAGCAT
||| |||||||||||| ||||||||||||||||||||||| |||||||||||||||||||
TTTTCAGGGGAAGAAA-TCCCGTACGTGTACGGGACTGACGGTACCCTGTGAATAAGCAT

598

CGGCTAACTCCGTGCCGGCAACCCCGGT
|||||||||||||||| ||| || ||||
CGGCTAACTCCGTGCCAGCAGCCGCGGT

59

118

177

235

293

352

410

469

626
497

Figure 8. Pairwise BLAST alignment example.

Another editing step, which was done conservatively, is editing for “N” when it showed
up in sequencing data. For this there was a need to look at numerous BLAST pairwise
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alignments to the sequence submitted and determine if at the position of “N” there was
consistency with a certain nucleotide. If there is consistency than it may be possible to change
the “N” if the chromatogram shows the peak of that nucleotide is highest at that position.
(Pruden, 2005)
Ribosomal Database Project-II’s Classifier program (http://www.cme.msu.edu/RDP) was
used to give an estimation of taxonomic placement based on an 80% confidence level. Edited
sequences were used in this comparison.
Diversity Estimation

Relative abundance examinations were done on RDP-II Classifier results to relay any
patterns noticed in phylotypes among plantings and depths. Richness estimates, rarefaction
curves, and diversity indices were determined using EstimateS
(http://viceroy.eeb.uconn.edu/EstimateS) for species level examination. Species richness was
examined using the ACE and Chao1 estimates. Chao1 estimates of species richness were
calculated after 1,000 randomizations of sampling without replacement. The percentage of
coverage was calculated by Good’s method with the formula [1-(n/N)] X 100, where n is the
number of accession numbers represented by one clone (singletons) and N is the total number of
sequences analyzed for the specified sampling (Good, 1953). Shannon-Weiner and Simpson’s
reciprocal indices were also determined despite an imperfect resolution of species abundance.
EstimateS was utilized to calculate the preceding estimates of richness and indices incorporating
rarefaction and randomization as outlined in Colwell (2005).
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IV. Results & Discussion
PCR Results

The outcomes for all PCR reactions are provided in tables in Appendix F with
corresponding agarose gels in Appendix G. Due to a malfunctioning spectrophotometer in the
AFIT laboratory empirical testing of the appropriate volume of DNA template to use in PCR was
necessary. DNA volumes ranged from 3 to 10.5 μl. Later testing revealed 16S rDNA was most
successfully amplified from approximately 187 ng of extracted DNA. One contamination
control blank resulted in a positive result (23 Sept Gel). However, when cloned and sequenced it
matched closely with cloning vector sequences and sample A71NC (negative control – blue
colony without insert). This indicates possible cross contamination from the pipet during one
iteration of the PCR process.
Unsuccessful gel electrophoresis results were commonplace, initially, due to changes in
Taq polymerase used (Qiagen’s HotStarTaq and Promega’s GoTaq), high DNA concentrations
present in template, or presence of inhibitory material. Other possible causes included problems
in extraction resulting in residual humic material or contamination with Mo Bio’s “C6” solution.
To determine the root of negative results a spectrophotometer was used to determine DNA
concentrations in gels with poor results. Spectrophotometer readings were obtained at a 1:100
concentration of template DNA to determine amount of DNA present prior to attempting a
second PCR with those that gave false negative readings. Unfortunately, the lab’s
spectrophotometer was malfunctioning and DNA concentrations had to be derived empirically.
Later readings on an ND-1000 Spectrophotometer (NanoDrop Technologies, Wilmington, DE)
revealed A260/A280 and A260/A230 ratios for the purified soil bacterium were 1.62 to 2.00 and 0.57
to 1.6, respectively, signifying relatively clean DNA extractions, although at widely varying
concentrations.
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A total of 158 PCR amplifications were prepared in order to achieve duplicate positive
results for the 36 mesocosm soil samples and 2 inoculated soil samples (38 total pools). Again,
this number of amplifications was necessary due to the combination of changes in Taq
polymerase used (which generated 28 negative results) and empirically derived concentrations
necessary for effective amplification.
Cloning Results

No problems were encountered during transformation. Only one iteration of cloning
®

using Topo TA Cloning 2.1 Kit (Invitrogen, Carlsbad, CA) and transformation into One Shot

Escherichia coli was necessary for all 38 PCR pools. The use of X-gal to visualize
colonies with the plasmid insert allowed for efficient isolation of clones. Plasmid DNA
purification proved problematic until it was realized that bacterial cell pellets were not properly
resuspended in the first step with Buffer P1 using QIAprep Spin Miniprep Kit (Qiagen Inc.,
Valencia, CA) used to purify and isolate plasmid DNA. Thus, it became necessary to isolate a
total of 746 clones in order to achieve plasmid DNA concentrations sufficient for sequencing a
minimum of ten clones per original soil sample. After rectification of this problem, restriction
digestion showed plasmid inserts for all samples (Appendix I). Clones were labeled according
to original soil sample, plate number, and clone isolated from that plate. For example,
in clone A10-3.2.5, “A” signifies the month of extraction; “10” represents the column number;
“3” represents depth, with 1, 2, and 3 representing bottom, middle, and top, respectively; “2” is
from first plate; and “5” is the fifth clone isolated.
Sequence Results

In the interest of brevity chromatograms were excluded from this thesis, however, all
edited sequences can be viewed in Appendix M and an excerpt can be viewed in Figures 16 and
17 on pages 163 and 164, respectively. All results are maintained at sequencer workstation in
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WSU microbiology laboratory. The results of the sampling and analytical procedures described
in Chapter 3 are provided to present a detailed characterization of phylotype dominance in the
various strata within each column. The results are intended to characterize the microbial
community and provide an indication of possible relationships between wetland soils dominated
by a particular species of plants.
Differences in identifications were not infrequent between BLAST and RDP-II sequence
comparisons. The two programs acquire their sequences from the same databases; however,
search results differ because BLAST searches against all available sequences, while RDP-II uses
only select GenBank sequences within their own database as reference sequences. Additionally,
the results may be partially inaccurate or misleading since GenBank and RDP-II are public
databases constructed from non-peer reviewed submissions. It should also be remembered that
BLAST results with the highest bit scores may also be a result of sequence alignment length,
resulting in identification of a species with the highest score despite having significantly lower
percentage similarity. Regardless, BLAST results proved consistent, reproducible, and
statistically valid based on algorithms used to determine e-values. Thus it was used to provide
nearest sequence matches which were in turn edited and used in RDP’s Classifier program.
A total of 396 sequences were attained. Of these, 34 were excluded from the RDP
classification: 4 from the positive contamination control blank, one from a blue colony
(“A71.NC”) which received no PCR insert, and 29 which were under 200 bp in alignment length.
The average sequence length of these 362 clones was 692 bp with an average alignment length of
475 bp. The average percent identity, e-value, and bit score were 92.8%, 1.66E-44, and 680,
respectively.
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Phylogenetic analysis

Of the 362 clones carried on to the RDP Classifier, 99.4% were classified as belonging to
the domain Bacteria under 11 separate phyla. Nine monophyletic phyla (consists of a common
ancestor) were represented and two unique phyla (Genera incertae sedis OP11 and OP10)
showing unresolved common ancestory. Figure 9 displays RDP Classification results for domain
and phyla classifications. As seen from Figure 9 and Table 6, the majority of sequences (50.8%)
were unclassified, meaning that random subsets of the query sequence did not match sequences
assigned to that taxon greater than or equal to 80% of the time. Yet, 32.8% of sequences are
from the phylum Proteobacteria, which represents 66.67% of the 177 classifiable sequences.

Figure 9. RDP results for 362 clones with sequence alignment lengths >200 bp. 80% Confidence
(Calculated by RDP’s Classifer program). Detailed lineage profile can be viewed in
Appendix O.
Phylum Level Diversity

Mid-level of columns showed highest abundance of phylum level richness, with 9
different phyla represented, compared to 7 and 8 phyla in levels 1 and 3, respectively. (Table 6),
The Proteobacteria clearly dominated throughout all depths. Phylum Chloroflexi was prevalent
at the lowest depth, where it comprised12.2% if the represented phyla compared to roughly 5%
in levels 2 and 3. Gemmatimonadetes were only represented at the highest level (level 3).
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Few remarkable conclusions can be made when comparing planting to phyla occurrence
(Table 7) due to a small number of represented occurences. The control columns containing no
plants supported the highest phylum level abundance. Chloroflexi, however, was more prevalent
in the S. atrovirens mesocosms representing 9.8% of the classifiable clones compared to 3.6%
and 2.8% in the C. comosa and E. erythropoda, respectively. Actinobacteria was also more
prevalent in soil samples used as the original inoculum for the mesocosms, than in those samples
later taken from planted mesocosms. While Chloroflexi occurred across all three depths, it
showed greatest abundance at the lowest depth (Tables 8 and 9). The relative percentages of
other represented phyla were, otherwise, relatively even across all three plantings.
Table 6. Phylum affiliation to depth of classified clones. n = the frequency
of occurrence at 80% confidence; percentage represents number
clones per total classified at 80% confidence under each depth.
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Table 7. Phylum affiliation to plant species. n = the frequency of occurrence at 80%
confidence; percentage represents number clones per total classified at 80%
confidence under each planting.

Genera Level Diversity

Twenty-two genera were represented with 80% confidence. It was somewhat surprising
that 40 clones (or 11% of all edited sequences) could be classified to the Genus level using
RDP’s Classifier program, even though many of the accession numbers were defined as
“uncultured bacteria” by BLAST. For example, sample A73.2.3 nearest match was with BLAST
accession number DQ125856 with a percent identity of 97.27% and e-value of 0.0, an uncultured
bacterium clone; yet it still showed a 100% similarity to the genus Acetivibrio in RDP. The
genera Anaerolinea and Nitrospira from the phylum Chloroflexi and Nitrospira, respectively,
proved highly prevalent at all levels, representing 30% and 15% of clones classifiable to genus
level at 80% confidence (Table 8). Amongst the plantings (Table 9) the genus Anaerolinea
proved prevalent amongst the S. atrovirens plantings. Chloroflexi (green non-sulfur bacteria) are
described as facultatively aerobic organisms; however, Anaerolinea thermophila represents the
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sole species of the genus Anaerolinea and was shown to be a strictly anaerobic organism
(Sekiguchi, Yamada, Hanada, Ohashi, Harada, & Kamagata, 2003). Level 2 showed most even
distribution of genera (Figure 10). E. erythropoda demonstrated most the most proportional
distribution of genera among planted columns, while S. atrovirens displayed a higher degree of
genera richness (Fig. 11), probably due to increased sampling as the result of 2 plantings of C.

comosa and 4 plantings of S. atrovirens.
Table 8. Genus affiliation of classified clones. Percentage represents number clones per total
classifiable to genus level (40) at 80% confidence.
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Figure 10. Genera Distribution Among Depths.
Table 9. Genus affiliation to plant species. n = the frequency of occurrence at 80%
confidence; percentage represents number clones per total classifiable to genus
level per plant species.
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Mesocosm
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S. atrovirens
E. erythropoda
C. comosa
0%

20%

40%

Actinobacteria Microlunatus
Actinobacteria Nocardioides
Bacteroidetes Flavobacterium
Chloroflexi Anaerolinea
Gemmatimonadetes Gemmatimonas
Genera incertae sedis OP11 OP11
Planctomycetes Planctomyces
Proteobacteria Hydrogenophaga
Proteobacteria Anaeromyxobacter
Proteobacteria Geobacter
Proteobacteria Pelobacter

60%

80%
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Actinobacteria Mycobacterium
Actinobacteria Solirubrobacter
Bacteroidetes Chitinophaga
Firmicutes Acetivibrio
Genera incertae sedis OP10 OP10
Nitrospira Nitrospira
Proteobacteria Hyphomicrobium
Proteobacteria Nitrosospira
Proteobacteria Desulforegula
Proteobacteria Haliangium
Verrucomicrobia Verrucomicrobium

Figure 11. Genera distribution among plantings.
Species Diversity

Classifier proved useful in inferring phylogeny based on classified sequences. BLAST
results, however, were used to determine species level diversity, since this database represents all
known sequences and is the most heavily cited tool for such identifications.
For the species diversity indices, the 20 soil inoculum samples were excluded leaving 342
clones. There were 288 accession numbers represented by these 342 clones (Appendix Q).
Tables 10-12 list duplicated accession numbers with number of repeats and their relation to
depth/planting. These duplicates were represented in the data inputs to EstimateS, which was
used to calculate diversity incices as described in the Methodology section. Due to increased
sampling effort involving S. atrovirens many of the duplicates came from the 12 samples
extracted from these mesocosms, while C. comosa, present in only two mesocosms, showed only
two repeats.
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Table 10. Duplicated accession numbers.

DQ154525 (uncultured soil bacterium) was the most prevalent sequence match and
occurred among all plantings and at depths. RDP classified these sequences matching
DQ154525 as Deltaproteobacteria.
Table 11. Depth and corresponding duplicates.
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Table 12. Plants and corresponding duplicates.

Since sampling effort differed due to a greater number of mesocosms being planted with

S. atrovirens and alignment lengths under 200 bp were excluded, rarefaction (incorporated in
EstimateS program) was used in the calculation of species richness and diversity indices for each
plant type and depth. Rarefaction, as outlined in Chapter II, allows the comparison of the
number of species found in two regions and answers how many species would have been found
in a smaller data set if sampling effort was equal (Hurlbert, 1971).
Table 13. Diversity indices and richness estimates based on BLAST results. Note: Numbers
given for plantings related to depth (and vice versa) were not included, since pooled
sampling data was too small to allow for doubletons.

s

s

i =1

i =1

2

ShannonIndex = ∑ (Pi )(ln Pi ) ; Simpson' sIndex = 1 − ∑ (Pi ) Pi ; S*Chao1 = Sobs + (a2/2b); and

Table 13 and Figures 12-18 provide a good perspective of just how diverse the soil
microbial community was. Although the mid-level soil proved to be more diverse at the phylum
and genera level, lower species level diversity was shown for mid-level samples. This may
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occur when fewer species are observed among a smaller range of higher level phylotypes or may
be a result of a higher percentage of clones which were “unclassifiable,” thus not included in
Classifier based examination. The E. erythropoda columns showed much more species richness
than the other columns; this may be due in part to the plant’s roots providing an environment
capable of supporting differing metabolic conditions.

C. comosa columns contributed 6 soil samples and 49 clones resulting in 46 observed
species; E. erythropoda columns contributed 9 soil samples and 96 clones resulting in 93
observed species; S. atrovirens columns contributed 12 soil samples and 114 clones resulting in
105 observed species; and the columns with no planting contributed 9 soil samples and 83 clones
resulting in 78 observed species. Levels 1, 2, and 3 contributed 12 soil samples each
corresponding to 122, 113, and 107 clones and 115, 105, 102 observed species, repectively.
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Figure 12. C. comosa rarefaction curve of number of observed species (Sobs)
from 16S rRNA gene clone library recovered from mesocosms. Computed by
EstimateS. The corrected ACE and Chao1 estimators (after 1,000
randomizations) were also plotted.
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Figure 13. E. erythropoda rarefaction curve of number of observed species
(Sobs) from 16S rRNA gene clone library recovered from mesocosms.
Computed by EstimateS. The corrected ACE and Chao1 estimators (after 1,000
randomizations) were also plotted.
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Figure 14. S. atrovirens rarefaction curve of number of observed species (Sobs)
from 16S rRNA gene clone library recovered from mesocosms. Computed by
EstimateS. The corrected ACE and Chao1 estimators (after 1,000
randomizations) were also plotted.
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Figure 15. Rarefaction curve of number of observed species (Sobs) from 16S
rRNA gene clone library recovered from mesocosms with no plantings.
Computed by EstimateS. The corrected ACE and Chao1 estimators (after 1,000
randomizations) were also plotted.
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Figure 16. Level 1 (Lowest level) rarefaction curve of number of observed
species (Sobs) from 16S rRNA gene clone library recovered from mesocosms.
Computed by EstimateS. The corrected ACE and Chao1 estimators (after 1,000
randomizations) were also plotted.
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Figure 17. Level 2 (Mid-level) rarefaction curve of number of observed
species (Sobs) from 16S rRNA gene clone library recovered from mesocosms.
Computed by EstimateS. The corrected ACE and Chao1 estimators (after 1,000
randomizations) were also plotted.
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Figure 18. Level 3 (Top level) rarefaction curve of number of observed
species (Sobs) from 16S rRNA gene clone library recovered from mesocosms.
Computed by EstimateS. The corrected ACE and Chao1 estimators (after 1,000
randomizations) were also plotted along with Chao1 95% confidence interval.

As can be seen in Figures 12-18, the number of observed species (Sobs) displayed a steady
upward slope indicating that sampling was not sufficient. Equations of the related rarefaction
curve’s trendline was also include to show the average sequences attained per sampling effort.
For example, Figure 18 shows a slope of 0.9499 indicating an average of 9.5 unique sequences
were attained for every 10 clones. This related closely to the overall Good’s coverage of 4.7%,
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indicating 9.53 additional phylotypes would be expected for every 10 additional sequenced
clones. These levels indicate that the clone library constructed during this research represent
only a fraction of the bacterial sequences present in the mesocosms. The ACE and Chao
estimators of overall species richness appear to be leveling off or slightly fluctuating and are
likely to reach an asymptotic level once rarefaction curve also begins to plateau.
Discussion

The presence of a clone closely matching a known reductive dechlorinator such as D.

ethenogenes was not found among the sequences. It is likely that the known reductive
dechlorinators were numerically low in the samples which resulted in no significant hits.
However, several clones did match genera (with a confidence level above 90%) known to have
species capable of reduction of chlorinated ethenes. These include Mycobacterium, Geobacter,
and Nocardioides. Dehalobacter similarity was also shown in sample A52, although at a very
low level of confidence (5%). Other genera of note include Dechlorosoma (perchlorate reducer)
(Achenbach, Michaelidou, Bruce, Fryman, & Coates, 2001) and several sulfate-reducers. RDP
Classifier results can be found in Appendix O.
This study serves as a quantitative and qualitative measurement of species diversity. The
diversity indices did show an extremely high species diversity, backed up by estimates of
richness which have not begun to plateau when applied to a rarefaction curve. This indicates that
further sequencing is needed in order to determine phylotype dominance, if any, and to receive
insight into the actual abundance of the soil microbial community within the columns as well as
to determine if there is a correlation between soil depth/wetland plants and microbial dominance.
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V. Conclusion and Recommendations for Further Study

The purpose of this study was to characterize the microbial community and detail
microbial dominance, if any, among common wetland hydrophytes at three different strata. This
included the construction of mesocosms replicating depths and vegetation parameters of a
constructed, up-flow dehalogenating treatment wetland followed by DNA analysis via 16S
rDNA PCR and analysis.
The findings indicate that the soil microbial community was much more heterogenous
than initially expected and represented bacteria from multiple functional groups. The sampling
effort must be increased to the point of reaching enough phylotype duplicates to draw
conclusions based both upon depth and planting. It is also obvious from the degree of
heterogeneity that no true dominance could be determined with this level of sampling. It is
possible, however, to draw some hypothesis from the results such as, “Does S. atrovirens enrich
for Chloroflexi?”
Effort Strengths

This research provided an initial characterization of the bulk soil microbiota dominated
by vegetation from the sedge family. A strong foot-hold is established here, which will provide
for useful comparison with follow-on data.
Effort Limitations

This efforts proved weak in providing positive identification of known reductive
dehalogenators, possibly due to choice in primers or simply because the abundance of these
microbes was very low.
I suggest amplifying 16S rDNA gene using different primers with the same DNA
template and pooling different PCR products in order to test the validity of these results and
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compare against database results and reduce biases that may be inherent due to primer
specificity.
Recommendations for Future Study

Future work evaluating the proper taxonomic placement of the sequenced bacteria would
be extremely useful. Closer analysis of the sequences may reveal novel sequences which should
be submitted to GenBank.
Additionally, further sampling of the mesocosms within the regions of the rhizoplane and
bulk soil post-PCE injection would give more conclusive evidence to the bacterium responsible
for dehalogenation. Conducting this study under conditions more representative of field
conditions, i.e. simulate temperature, flooding, and photoperiod regimes, would also be helpful.
Also construction of columns which include soils rich in organic or iron content may provide
results unlike those exhibited here, due to different substrate conditions leading to differing
metabolic processes.
The possibility of anomalies such as chimera formations should be examined using
programs such as Pintail to verify true diversity amongst the sequences attained. “If one partiallength rDNA fragment of organism A binds to a full- or partial-length rDNA fragment of
organism B, one or two full-length chimeric sequences, respectively, can be generated during
PCR” (Amann, Ludwig, & Schleifer, 1995). Further amplification of the chimeric sequences
proceeds with the same efficiency as for nonchimeric fragments. This may lead to a false
interpretation of higher biodiversity in the natural sample. This study would benefit by sorting
out chimeric sequences.
This study will be useful in determining PCE degrading microbial community structure
once it is corroborated with a post-PCE injection community characterization. Knowledge of the
microbial community associated with PCE degradation would provide for proper inoculation of
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wetland soils in future remediation efforts. It may serve to answer why remediation efforts at
one site differ from another based on microbial communities. It should also prove useful to the
design of remediation efforts by giving an indication of whether a site’s microbial community
will support dechlorination based on the electron donors present.
It is suspected that further study will show that VC dechlorinators will be found in
aerobic areas, and root zones may exhibit a high degree of heterogeneity due to the presence of
numerous electron donors as well as aerobic and anaerobic conditions capable of supporting
multiple organisms.
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Appendix A. Acronyms
AFIT:
ATP:
ATSDR:
BLAST:
CAH:
CERCLA:
CFR:
DCE:
DNA:
DNAPL:
dsDNA:
EBI:
EDTA:
EPA:
EtBr:
LB:
MCL:
MMO:
MNA:
NIH:
NPL:
NRC:
PCE:
PCR:
RCRA:
rDNA:
RDP:
TAE:
TCA:
TCE:
USDHHS:
UV:
VC:
VOC:
WPAFB:
WSU:

Air Force Institute of Technology
adenosine triphosphate
Agency for Toxic Substances and Disease Registry
Basic Local Alignment Search Tool
Chlorinated aliphatic hydrocarbon
Comprehensive Environmental Response, Compensation, and Liability
Act
Code of Federal Regulations
dichloroethylene
deoxyribonucleic acid
dense nonaqueous-phase liquid
double-stranded DNA
European Bioinformatics Institute
ethylene diaminetetraacetic acid
Environmental Protection Agency
ethidium bromide
Luria Broth
Maximum contaminant level
Methane monooxygenase
Monitored natural attenuation
National Institute of Health
National Priority List
National Research Council
tetrachloroethylene
Polymerase Chain Reaction
Resource Conservation and Recovery Act
ribosomal DNA
Ribosomal Database Project
Tris-acetate EDTA
trichloroethane
trichloroethylene
U.S. Department of Health and Human Services
ultraviolet
vinyl chloride
volatile organic compound
Wright-Patterson Air Force Base
Wright State University
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Appendix B. Previously Identified Dechlorinating Microbes
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Appendix C. Mo Bio PowerSoil™ DNA Isolation Kit Extraction Protocol. (Mo Bio
Laboratories, Carlsbad, CA, 2004)
Introduction
The PowerSoil™ DNA Isolation Kit is comprised of a novel and proprietary method for isolating
genomic DNA from environmental samples. The kit is intended for use with environmental
samples containing a high humic acid content including difficult soil types such as compost,
sediment, and manure. Other more common soil types have also been used successfully with
this kit. The isolated DNA has a high level of purity allowing for more successful PCR
amplification of organisms from the sample. PCR analysis has been performed to detect a
variety of organisms including bacteria (e.g. Bacillus subtilis, Bacillus anthracis), fungi (e.g.
yeasts, molds), algae and Actinomycetes (e.g. Streptomyces).

The PowerSoil DNA Kit distinguishes itself from Mo Bio’s UltraClean™ Soil DNA Isolation
Kit with a NEW humic substance/brown color removal procedure. This new procedure is
effective at removing PCR inhibitors from even the most difficult soil types.
Environmental samples are added to a bead beating tube for rapid and thorough homogenization.
Cell lysis occurs by mechanical and chemical methods. Total genomic DNA is captured on a
silica membrane in a spin column format. DNA is then washed and eluted from the membrane.
DNA is then ready for PCR analysis and other downstream applications.
WARNING: Solution C5 contains ethanol. It is flammable.
IMPORTANT NOTE FOR USE: Make sure the 2 ml PowerBead Tubes rotate freely in
your centrifuge without rubbing.
Kit Storage
Kit reagents and components should be stored at room temperature.
Kit Contents
Component

PowerBead Tubes (contain 750 ul solution)
Solution C1
Solution C2
Solution C3
Solution C4
Solution C5
Solution C6
Spin Filter Units in 2 ml Tubes
Collection Tubes (2 ml)

Quantity
128881288850
100
50
100
3.3 ml
6.6 ml
14 ml
28 ml
11 ml
22 ml
72 ml
144 ml
27.5 ml
55 ml
6 ml
12 ml
50
100
200
400
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1. To the 2ml PowerBead Tubes provided, add 0.25 gm of soil sample.
2. Gently vortex to mix.
3. Check Solution C1. If Solution C1 is precipitated, heat solution to 60°C until dissolved
before use.
4. Add 60μl of Solution C1 and invert several times or vortex briefly.
5. Secure PowerBead Tubes horizontally using the Mo Bio Vortex Adapter tube holder for the
vortex (Mo Bio Catalog No. 13000-V1. Call 1-800-606-6246 for information) or secure tubes
horizontally on a flat-bed vortex pad with tape. Vortex at maximum speed for 10 minutes.
6. Make sure the PowerBead Tubes rotate freely in your centrifuge without rubbing. Centrifuge
tubes at 10,000 x g for 30 seconds. CAUTION: Be sure not to exceed 10,000 x g or tubes
may break.
7. Transfer the supernatant to a clean microcentrifuge tube (provided).
Note: Expect between 400 to 500μl of supernatant. Supernatant may still contain some soil
particles.
8. Add 250μl of Solution C2 and vortex for 5 seconds. Incubate at 4°C for 5 minutes.
9. Centrifuge the tubes for 1 minute at 10,000 x g.
10. Avoiding the pellet, transfer up to, but no more than, 600μl of supernatant to a clean
microcentrifuge tube (provided).
11. Add 200μl of Solution C3 and vortex briefly. Incubate at 4°C for 5 minutes.
12. Centrifuge the tubes for 1 minute at 10,000 x g.
13. Avoiding the pellet, transfer up to, but no more than, 750μl of supernatant into a clean
microcentrifuge tube (provided).
14. Add 1200μl of Solution C4 to the supernatant and vortex for 5 seconds.
15. Load approximately 675μl onto a spin filter and centrifuge at 10,000 x g for 1 minute.
Discard the flow through and add an additional 675μl of supernatant to the spin filter and
centrifuge at 10,000 x g for 1 minute. Load the remaining supernatant onto the spin filter and
centrifuge at 10,000 x g for 1 minute. Note: A total of three loads for each sample processed
are required.
16. Add 500μl of Solution C5 and centrifuge for 30 seconds at 10,000 x g.
17. Discard the flow through.
18. Centrifuge again for 1 minute.
19. Carefully place spin filter in a new clean tube (provided). Avoid splashing any Solution C5
onto the spin filter.
20. Add 100μl of Solution C6 to the center of the white filter membrane. Alternatively, sterile
DNA-Free PCR Grade Water may be used for elution from the silica spin filter membrane at
this step (Mo Bio Catalog No. 17000-10).
21. Centrifuge for 30 seconds.
22. Discard the spin filter. DNA in the tube is now application ready. No further steps are
required.
We recommend storing DNA frozen (-20° to -80°C). Solution C6 contains no EDTA.
Wet Soil Sample
If soil sample is high in water content, remove contents from PowerBead Tube (beads and
solution) and transfer into another sterile microcentrifuge tube (not provided). Add soil sample
to PowerBead Tube and centrifuge for 30 seconds at 10,000 x g. Remove as much liquid as
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possible with a pipet tip. Add beads and bead solution back to PowerBead Tube and follow
protocol starting at step 2.
If DNA Does Not Amplify
•
•
•

Make sure to check DNA yields by gel electrophoresis or spectrophotometer reading. An
excess amount of DNA will inhibit a PCR reaction.
Diluting the template DNA should not be necessary with DNA isolated with the PowerSoil
DNA Isolation Kit; however, it should still be attempted.
If DNA will still not amplify after trying the steps above, then PCR optimization (changing
reaction conditions and primer choice) may be needed.

Eluted DNA Sample Is Brown
We have not observed any coloration in DNAs isolated using the PowerSoil DNA Isolation kit.
If you observe coloration in your samples, please contact technical support for suggestions.
Alternative Lysis Method
After adding Solution C1, vortex 3-4 seconds, then heat to 70°C for 5 minutes. Vortex 3-4
seconds. Heat another 5 minutes. Vortex 3-4 seconds. This alternative procedure will reduce
shearing but may also reduce yield.
Concentrating the DNA
Your final volume will be 100μl. If this is too dilute for your purposes, add 4μl of 5M NaCl and
mix. Add 200μl of 100% cold ethanol and mix. Centrifuge at 10,000 x g for 5 minutes. Decant
all liquid. Dry residual ethanol in a speed vac, dessicator, or air dry. Resuspend precipitated
DNA in desired volume.
DNA Floats Out of Well When Loaded on a Gel
You may have inadvertently transferred some residual Solution C5 into the final sample. Prevent
this by being careful in step 19 not to transfer liquid onto the bottom of the spin filter basket.
Ethanol precipitation is the best way to remove Solution C5 residue. (See “Concentrating the
DNA” above)
Storing DNA
DNA is eluted in Solution C6 (10mM Tris) and must be stored at -20° to 80°C or it may degrade
over time. DNA can be eluted in TE but the EDTA may inhibit reactions such as PCR and
automated sequencing. DNA may also be eluted with sterile DNA-Free PCR Grade Water (Mo
Bio Catalog No. 17000-10).
Cells are Difficult to Lyse
If cells are difficult to lyse, a 10 minute incubation at 70°C, after adding Solution C1, can be
performed. Follow by continuing with protocol step 5.
Technical Information
Product Manufactured by Mo Bio Laboratories, Inc. 2746 Loker Avenue West, Carlsbad, CA
92008
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Appendix D. Polymerase Chain Reaction & PCR Protocol Using HotStarTaq Master Mix.
Polymerase Chain Reaction

Polymerase chain reaction (PCR) is a repetitive amplifying technique used to copy targeted
DNA 106 times or greater. This allows for detection of unculturable microbes and for
pinpointing specific genes of concern. PCR is a multi-step process requiring strict adherence to
documented protocol. PCR relies on polymerase enzymes to copy a target DNA sequence
repeatedly during a series of 25-35 heating/cooling cycles. Each cycle denatures, anneals, and
extends targeted DNA segments, resulting in an exponential increase in DNA. In theory, 30
cycles would result in a 230 increase, however, due to intrinsic inefficiencies a 106 –fold increase
is typical (Maier, Pepper, & Gerba, 2000). The PCR product is visualized using gel
electrophoresis (see Figure 20).
When two complimentary strands of DNA come together to form a double strand (dsDNA)
the process is known as hybridization. The opposite reaction, in which dsDNA is split by
heating to 94° C for 1 minute, is called denaturation. Upon cooling, these split strands will
hybridize back again, a process known as reannealing (Maier, Pepper, & Gerba, 2000).
The first step involves mixing and adding the “master mix” to extracted DNA in a
microcentrifuge tube. Master mix contains a PCR mixture of buffers, nucleotides (adenine (A),
guanine (G), thymine (T), and cytosine(C)), and thermostable polymerase. Primers are also
added during this step to allow for the targeting of a specified region of small subunit rDNA.
Initial heating to 95° C is then done in order to activate the Taq polymerase. DNA is
subsequently denatured at 94° C. Once denaturation takes place, temperatures are lowered to a
range typically between 50-70° C allowing for primer attachment.
Primers are oligonucleotides - short segments of single-stranded DNA with a
complementary sequence to a targeted region of DNA. The primers anneal to the denatured
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DNA and allow amplification of DNA to occur in the region defined by the “upstream” and
“downstream” primers (Qiagen, 2002).
The final step of PCR is extension. During the extension phase, DNA polymerase copies
the targeted strand of DNA by adding complementary bases from the 3’ end of primers. PCR
results in a dsDNA molecule identical to the original. During extension Taq polymerase is
typically used due to its intrinsic heat resistance. Taq polymerase is an enzyme obtained from
the thermophilic bacterium Thermus aquaticus, isolated from a hot spring in Yellowstone
National Park. It is also stable, therefore able to be used through many cycles. For extensions
under 1000bp (base pairs), the extension step is complete in approximately a minute at 72° C
(Qiagen, 2002), the ideal temperature for the polymerase enzyme. At high temperatures,
nonspecific hybridization is rare, thus making the product of Taq PCR more homogeneous than
that obtained using the E. coli enzyme. This process is repeated 25 to 35 times using a
thermocycler which automates the heating/cooling cycle. The entire cycling process typically
takes 3-5 hours to complete. The amplified product is then analyzed using agarose gel
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electrophoresis prior to cloning in order to ensure adequate DNA amplification has occurred.

25-35 cycles of 3 steps:
1 minute at 94 ºC

1 minute at 50-70 ºC

1-2 minute at 72 ºC

Figure 19. Principle Steps of PCR. (Adapted from Vierstraete, 1999)

PCR Protocol Using HotStarTaq Master Mix. (Qiagen, 2002)
PCR Prot
This protocol serves only as a guideline for PCR amplification. Optimal reaction conditions, such as incubation times
and temperatures, and amount of template DNA, may vary and need to be determined individually.
Notes:
•
Each PCR program should be started with an initial activation step of 15 min at 95°C to activate
HotStarTaq DNA Polymerase (see step 6 of this protocol).
•
HotStarTaq Master Mix provides a final concentration of 1.5 mM MgCl2 in the final reaction mix, which
will produce satisfactory results in most cases. However, if a higher Mg2+ concentration is required,
prepare a stock solution containing 25 mM MgCl2.
•
Set up reaction mixtures in an area separate from that used for DNA preparation or PCR product
analysis.
•
Use disposable tips containing hydrophobic filters to minimize cross-contamination.
1. Thaw primer solutions.
Mix well before use.
Optional: prepare a primer mix of an appropriate concentration (see Table 4) using the water provided.
This is recommended if several amplification reactions using the same primer pair are to be performed. The final
volume of diluted primer mix should be 25 µl per reaction including the template DNA, added at step 4.
2. Mix the HotStarTaq Master Mix by vortexing briefly and dispense 25 µl into each PCR tube according to
Table 4.
It is important to mix the HotStarTaq Master Mix before use in order to avoid localized concentrations of salt.
HotStarTaq Master Mix is provided as a 2x concentrate (i.e., a 25 µl volume of the HotStarTaq Master Mix is
required for amplification reactions with a final volume of 50 µl). For volumes smaller than 50 µl, the 1:1 ratio
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of HotStarTaq Master Mix to diluted primer mix and template should be maintained as defined in Table 4. A
negative control (without template DNA) should always be included. It is not necessary to keep PCR tubes on ice
as nonspecific DNA synthesis cannot occur at room temperature due to the inactive state of HotStarTaq DNA
Polymerase.
3. Distribute the appropriate volume of diluted primer mix into the PCR tubes containing the Master Mix.
4. Add template DNA (ϒ⇐1µg/reaction) to the individual PCR tubes.
The volume added should not exceed 10% of the final PCR volume.ter Mix

PCR Protocol
Table 4. Reaction composition using HotStarTaq Master Mix

Component
HotStarTaq Master Mix 25 µl

Volume/reaction
25 µl

Final concentration
2.5 units HotStarTaq
DNA Polymerase
1x PCR Buffer*
200 µM of each dNTP

Diluted primer mix
Primer A 0.1–0.5 µM
Primer B
Distilled water (provided)

Variable
Variable
Variable

0.1–0.5 µM
0.1–0.5 µM
–

Template DNA
Template DNA, added at step 4

Variable

≤1 µg/reaction

50 µl

–

Total volume
*Contains 1.5 mM MgCl2

5. When using thermal cyclers with a heated lid, do not use mineral oil. Proceed directly to step 6. Otherwise,
overlay with approximately 50 µl mineral oil.
6. Program the thermal cycler according to the manufacturer’s instructions.
Each PCR program must start with an initial heat activation step at 95°C for 15 min. A typical PCR cycling program
is outlined below. For maximum yield and specificity, temperatures and cycling times should be optimized for each
new template target and primer pair.
Additional comments
Initial activation step:

15 min

95°C

HotStarTaq DNA Polymerase is
activated by this heating step.

3-step cycling
Denaturation:
Annealing:
Extension:

0.5–1 min
0.5–1 min
1 min

94°C
50–68°C
72°C

5°C below Tm of primers
For PCR products longer than 1 kb,
use an extension time of approximately
1 min per kb DNA.

Number of cycles:
Final extension:

25–35
10 min

72°C

7. Place the PCR tubes in the thermal cycler and start the cycling program.
Note: After amplification, samples can be stored overnight at 2–8°C or at –20°C for longer storage.
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Appendix E. Preparing and Running Gel

1. Mix TAE Buffer
a. Make a Tris-acetate EDTA (TAE) solution. This solution comes from WSU at a
50X concentration and is prepared with following recipe:

Add the following to 900ml distilled H2O:
•
•
•

242g Tris base.
57.1ml Glacial Acetic Acid.
18.6 g EDTA

Adjust volume to 1L with additional distilled H2O.
b. Dilute to a 1X concentration. The formula for this is
C1 * V1 = C 2 * V2

c. For this requirement, we would like to get 1000 ml of TAE at a concentration of
1X so we plug in the known values to get the volume of TAE @ 50X
concentration and then subtract that from the overall 1000 mL to get the amount
of distilled water.
d. Plug in known values and solve for V2:
(1X ) * (1000ml )
= 20ml = V2
(50 X )
e. Subtract the V2 from the overall solution that we want to make and that gives the
amount of distilled water that we need which to make a 1000ml 1X TAE solution
of. This means we need 980ml of DI H20 and 20ml of TAE 1X.
2. Mixing Agarose Gel (for small gel box; adjust by a factor of 1.5 for large tray).
a. Make a 70ml of an 0.8% Agarose solution (1% used for plasmid DNA imaging).
b. Mix 0.56g (0.7g for 1%) of Agarose into 70ml of TAE 1X solution
c. Mix and place into microwave
d. Microwave on high for about 1.5 to 2.0 minutes to bring solution to boil.
e. Once Agarose is dissolved remove from microwave and allow to cool to touch.
f. Add 70μl of EtBr 100X and swirl
i. General Information: Ethidium Bromide (EtBr) is a commonly used
stain for the visualization of nucleic acids in agarose gels. It is widely used
by scientists due to its high sensitivity, rapid staining and very inexpensive
price. While it is not specifically regulated as a hazardous waste EtBr is a
suspected carcinogen. The mutagenic properties may present a hazard if it
is not managed properly in the laboratory.

70

ii. Personal Protection: When handling EtBr always wear a lab coat, nitrile
gloves, and chemical splash goggles. Proper skin and eye protection are
needed when a ultraviolet (UV) light source is used while working with
EtBr. Avoid exposing unprotected skin and eyes to intense UV sources.
Wear a face shield if UV source is pointing upwards. When working with
a UV source for a long time, wrap up lab coat sleeves with tape or other
means where the wrist could be exposed.
iii. Disposal of EtBr: Electrophoresis Gels: Trace amounts of EtBr (less than
0.1%) in electrophoresis gels do not pose a serious hazard so they can be
discarded in the trash if properly bagged and secured. If the gels contain
more than 0.1% EtBr they should be placed in an appropriate container for
hazardous waste disposal. Environmental Health and Safety (EH&S) has a
variety of containers that are available to collect and dispose of gels.
g. Place comb in gel box
h. Add the 70ml of solution to the Gel Bed and allow hardening approximately 30
minutes.
i. Once gel is hardened, remove comb from gel bed.
j. Extract gel bed from gel box and rotate 90 degrees so that wells formed by the
comb are opposite the red (Pos) leads.
k. Fill Gel box with 1X TAE until both sides of gel box overflow and the level of
buffer is flush with top of hardened gel.
3. Prepare PCR Samples for Gel
a. Take PCR sample and remove 3 into a autoclaved Eppendorf tube
b. 17 to 18.5 μl of distilled water depending on buffer concentrations of 6X and 10X,
respectively.
c. 2.4μl or 4μl of 10X or 6X buffer, respectively (does not have to be
refrigerated).
4. Load DNA into Wells and Run GEL
a. Add 6μl of 1kb DNA Ladder (or λ ladder for visualizing plasmid DNA) into the
1st well (Toward the Black (-) Lead)
b. Add 24μl of PCR samples for Gel prepared in step 3
c. Attach colored leads to matching receptors on Gel box and power source.
d. Turn on power source and allow to run at 95V until there is a clear separation
(Approximately 35 minutes).
5. Imaging of GEL via Kodak Gel Logic 200

71

Appendix F. PCR Data & Results
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Appendix G. PCR Gels

12 Sept Gel: Ladder, A11, A12, A13, A31, A32, A33,
A41, A42, A43, A51, A52, A53

13 Sept Gel: Ladder, A11, A12, A13, A31, A32, None, A41, A42, A43,
A51, A52, A53

19 Sept Gel: Promega Mastermix. Unamplified samples.
Top Row: Ladder, A21, A22, A23, A33, A61, A62, A63, A91, A72, A73, A81, A82, A83, A71, A92, A93, A10-1, A10-2, A10-3
Bottom Row: Ladder, A11-1, A11-2, A11-3, A12-1, A12-2, A12-3, Blank

20 Sept Gel: HotStarTaq Mastermix.
Ladder, Lanes 2-5 (G. Joseph’s), Blank, A21, A22, A23

21 Sept Gel: : Promega Mastermix. Multiple unamplified
samples.
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23 Sept Gel: Top: Ladder, SI5, SI6, Blank, A11, A12,
A13, A21, A22, A23;
Bottom: A12-1, A12-2, A12-3, Ladder

30 Sept Gel: Top: Ladder, SI5, SI6, A13, A21, A22, A23, A31, A32, A33, A41, A51,
A61, A62, A63, A71, A72, A73, A81, A82
Bottom: Ladder, A83, A91, A92, A93, A10-1, A10-2, A10-3, A11-1, A11-2, A11-3, A12-1,
A12-2, A12-3

3 Oct Gel: Top: Ladder, SI5, SI6, A13, A21, A31, A32, A33, A41, A51, A61,

9 Nov Gel: Ladder, A13, A31, A32, A42, A43, A51, A52, A53,

A62, A63, A71, A72, A73, A81, A82, A83
Bottom: Ladder, A91, A92, A93, A10-1, A10-2, A10-3, A11-1, A11-2, A11-3,
A12-2

A61, A83, A93, A10-1, A10-2, A10-3, A11-1

16 Nov Gel: Ladder, A32 (12 ul DNA), A32 (3 ul DNA),

17 Nov Gel: Ladder, A32, A53

A42 (5.5 ul DNA), A61 (12 ul DNA), A61 (5.5 ul DNA),
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Appendix H. Invitrogen Topo Cloning Protocol (Invitrogen Corporation, 2004)
Setting Up the TOPO® Cloning Reaction
The table below describes how to set up your TOPO® Cloning reaction (6 μl) for eventual transformation
into chemically competent TOP10 E. coli.
Note: The red color of the TOPO® vector solution is normal and is used to visualize the solution.

Reagent*
Fresh PCR product
Salt Solution
Sterile Water
TOPO® vector
Final Volume

Chemically Competent E. coli
0.5 to 4 μl
1 μl
add to a total volume of 5 μl
1 μl
6 μl

* Store all reagents at -20°C when finished. Salt solutions and water can be stored at room temperature or +4°C.

Performing the TOPO® Cloning Reaction
1. Mix reaction gently and incubate for 5 minutes at room temperature (22-23°C).
Note: For most applications, 5 minutes will yield plenty of colonies for analysis. Depending on your needs, the
length of the TOPO® Cloning reaction can be varied from 30 seconds to 30 minutes. For routine subcloning of
PCR products, 30 seconds may be sufficient. For large PCR products (> 1 kb) or if you are TOPO® Cloning a
pool of PCR products, increasing the reaction time will yield more colonies.

2. Place the reaction on ice and proceed to General Guidelines for Transforming Competent Cells.
Note: You may store the TOPO® Cloning reaction at -20°C overnight.

Transforming One Shot® TOP10 Competent Cells
Introduction
Protocols to transform One Shot® TOP10 competent E. coli are provided below.

Materials Supplied by the User
In addition to general microbiological supplies (e.g. plates, spreaders), you will need the following
reagents and equipment.
• TOPO® Cloning reaction from Performing the TOPO® Cloning Reaction, Step 2.
• S.O.C. medium (included with the kit)
• LB plates containing 50 μg/ml kanamycin
• 40 mg/ml X-gal in dimethylformamide (DMF)
• 42°C water bath or an electroporator and 0.1 or 0.2 cm cuvettes
• 37°C shaking and non-shaking incubator

Preparation for Transformation
For each transformation, you will need one vial of competent cells and two selective plates.
• Equilibrate a water bath to 42°C (for chemical transformation).
• Warm the vial of S.O.C. medium from Box 2 to room temperature.
• Warm selective plates at 37°C for 30 minutes (see Important note below).
• Spread 40 μl of 40 mg/ml X-gal on each LB plate and incubate at 37°C until ready for use.
• Thaw on ice 1 vial of One Shot® cells for each transformation.
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One Shot® Chemical Transformation Protocol
1. Add 2 μl of the TOPO® Cloning reaction from Performing the TOPO® Cloning
Reaction, Step 2, into a vial of One Shot® Chemically Competent E. coli
and mix gently. Do not mix by pipetting up and down.
2. Incubate on ice for 5 to 30 minutes.
Note: Longer incubations on ice do not seem to have any affect on transformation
efficiency. The length of the incubation is at the user’s discretion.

3. Heat-shock the cells for 30 seconds at 42°C without shaking.
4. Immediately transfer the tubes to ice.
5. Add 250 μl of room temperature S.O.C. medium.
6. Cap the tube tightly and shake the tube horizontally (200 rpm) at 37°C for
1 hour.
7. Spread 10-50 μl from each transformation on a prewarmed selective plate and
incubate overnight at 37°C. To ensure even spreading of small volumes, add
20 μl of S.O.C. medium We recommend that you plate two different volumes
to ensure that at least one plate will have well-spaced colonies.
8. An efficient TOPO® Cloning reaction should produce several hundred
colonies. Pick ~10 white or light blue colonies for analysis (see Analyzing
Positive Clones, page 12). Do not pick dark blue colonies.

Analyzing Transformants
Analyzing Positive Clones
1. Take the 10 white or light blue colonies and culture them overnight in
LB medium containing 50 μg/ml ampicillin or 50 μg/ml kanamycin.
2. Isolate plasmid DNA using your method of choice.
3. Analyze the plasmids by restriction analysis to confirm the presence and
correct orientation of the insert. Use a restriction enzyme or a combination of
enzymes that cut once in the vector and once in the insert.
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Appendix I. Restriction Digestion Gels

29 Nov Gel: λ Ladder; A11: 1.1, 1.2, 2.1, 3.5; NC A11: 1, 2, 3
1 Dec Gel: Top: λ Ladder; A71: 1.1, 1.2, 1.3, 1.4, 1.5, 2.1, 2.2, 2.3, 2.4,
2.5, 3.1, 3.2, 3.3
Bottom: A71: 3.4, 3.5, Negative Control (NC); A11: 2.1.4, 2.1.5, 1.2.2, 2.3.2,
1.3.2

2 Dec Gel: Top: λ Ladder; A72: 1.1, 1.2, 1.3, 1.4, 1.5, 2.1, 2.2, 2.3, 2.4, 2.5, 3.1, 3.2, 3.3, 3.4, 3.5, NC; A73: : 1.1, 1.2, 1.3, 1.4, 1.5, 2.1, 2.2, 2.3, 2.4, 2.5, 3.1, 3.2, 3.3,
3.4, 3.5, NC; SI5: 1.1, 1.2, 1.3, 1.4, 1.5, 2.1, 2.2
Bottom: None; SI5: 2.3, 2.4, 2.5, 3.1, 3.2, 3.3, 3.4, 3.5; SI6: 1.1, 1.2, 1.3, 1.4, 1.5, 2.1, 2.2, 2.3, 2.4, 2.5, 3.1, 3.2, 3.3, 3.4, 3.5; NC SI5: 1,2,3; NC SI6: 1, 2, 3; A11: 1.1, 3.2,
1.5, 2.2, 3.2
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6 Dec Gel: λ Ladder; A81: 1.1, 1.2, 1.3, 1.4, 1.5, 2.1, 2.2, 2.3, 2.4, 2.5, 3.1, 3.2, 3.3, 3.4, 3.5, NC; A82: 1.1, 1.2, 1.4, 1.3, 1.5, 2.1, 2.2, 2.3, 2.4, 2.5, 3.1, 3.2,
3.3, 3.4, 3.5; A83: 1.1, 1.2, 1.3, 1.4, 1.5

Top: A91: 1.1, 1.2, 1.3, 1.4, 1.5, 2.1, 2.2, 2.3, 2.4, 2.5, 3.1, 3.2, 3.3; λ Ladder
Bottom: A91.3.5; A92: 1.1, 1.2, 1.3, 1.5, 2.1, 2.2, 2.3, 2.4; λ Ladder

9 Dec Gel:

9 Dec Gel: Top: λ Ladder; A92: 2.5, 3.1, 3.2, 3.3, 3.4, 3.5; A83: 2.1, 2.2, 2.3, 2.4, 2.5, 3.1, 3.2, 3.3, 3.4, 3.5, NC; SI5: 1.5, 2.1, 2.2, 2.3, 2.4, 2.5, 3.1, 3.2, 3.3, 3.4, 1.3, 1.2,
1.1; SI6: 3.5, 3.4, 3.3, 3.2, 3.1, 2.5, 2.4; A12.3.2; SI5.3.5
Bottom: λ Ladder; SI5.1.4; A12: 3.3, 3.4, 3.5; SI6: 1.1, 1.2, 1.3, 1.4, 1.5, 2.1, 2.2, 2.3; A12: 3.1, 2.5, 2.4, 2.3, 2.2, 2.1, 1.5, 1.4, 1.3, 1.2, 1.1; A13.1.1; A93.1.2, A93.1.1; A13:
3.1, 2.5, 2.4, 2.3, 2.2, 2.1, 1.5, 1.4, 1.3, 1.2
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12 Dec Gel: λ Ladder; A11: 3.2, 1.4, 1.5, 2.2, 2.3.2, A10-1: 2.1, 2.2, 2.3, 2.4, 2.5, 1.1, 1.2, 1.3, 1.4; A93: 3.1, 3.2, 3.3,
3.4, 3.5, 2.1, 2.2, 2.3, 2.4, 2.5, 1.3, 1.4, 1.5

22 Dec Gel: Top: λ Ladder; A93: 1.5, 2.3; A10-1: 3.1, 3.2, 3.3, 3.4, 3.5; A13: 3.1, 3.2, 3.3, 3.4, 3.5; A10-2: 1.1, 1.2, 1.3, 1.4, 1.5, 2.1, 2.2,
2.3, 2.4, 2.5, 3.1, 3.2, 3.3, 3.4, 3.5; A10-3: 1.1, 1.2, 1.3, 1.4, 1.5, 2.1, 2.2, 2.3, 2.4, 2.5, 3.1, 3.2
Bottom: λ Ladder; A10-3: 3.3, 3.4, 3.5; A21: 1.1, 1.2, 1.3, 1.4, 2.1, 2.2, 2.3, 2.4, 2.5, 3.1, 3.3, 3.4, 3.5; A22: 1.1, 1.2, 1.3, 1.4, 1.5, 2.1, 2.2,
2.3, 2.4, 2.5, 3.1, 3.2, 3.3, 3.4, 3.5; A23: 1.1, 1.2, 1.3, 1.4, 1.5, 2.1; A31: 1.1, 1.2

22 Dec Gel: λ Ladder; A32: 2.5,
3.1, 3.2, 3.3, 3.5

22 Dec Gel: Top: λ Ladder; A31: 1.3, 1.4, 1.5, 2.1, 2.2, 2.3,
2.4, 2.5, 3.1, 3.3, 3.4, 3.5;
Bottom: A32: 1.1, 1.2, 1.3, 1.4, 1.5, 2.1, 2.2, 2.3, 2.4; λ Ladder
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20 Jan Gel: Top: A32.2: 1.1, 1.2, 1.3, 1.4, 1.5, 2.1, 2.2, 2.3, 2.4, 2.5, 3.1, 3.2, 3.3, 3.4, 3.5; A62: 1.1, 1.2, 1.3, 1.4, 1.5, 2.1, 2.2, 2.3, 2.4, 2.5, 3.1, 3.2, 3.3, 3.4, 3.5;
A63: 1.1, 1.2, 1.3, 1.4, 1.5, 2.1, 2.2, 2.3, 2.4; λ Ladder
Bottom: A63: 2.5, 3.1, 3.2, 3.3, 3.4, 3.5; A11-2: 1.1, 1.2, 1.3, 1.4, 1.5, 2.1, 2.2, 2.3, 2.4, 2.5, 3.1, 3.2, 3.3, 3.4, 3.5; A12-2: 1.1, 1.2, 1.3, 1.4, 1.5, 3.1, 3.2, 3.3, 3.4, 3.5;
A23: 2.2, 2.3, 2.4, 2.5, 3.1, 3.2, 3.3, 3.4, 3.5

20 Jan Gel: Top: A11.2: 1.1, 1.2, 1.3, 1.4, 1.5, 2.1, 2.2, 2.3, 2.4, 2.5, 3.1, 3.2, 3.3, 3.4, 3.5; Blank: 1,2,3,4; A13: 1.6, 1.7, 1.8, 2.6, 2.7, 2.8, 3.6, 3.7, 3.8; A41: 1.1,
1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 2.1, 2.2, 2.3; λ Ladder
Bottom: A41: 2.5, 2.6, 2.7, 2.8, 3.1, 3.2, 3.3, 3.4, 3.5, 3.6, 3.7, 3.8; A42: 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 2.1, 2.2, 2.3, 2.4; A10-2.2.6; A42: 2.6, 2.7, 2.8, 3.1, 3.2, 3.3;
None; A10-2.2.7; A42: 3.6, 3.7, 3.8; A10-1: 2.6, 2.7; A41.2.4; λ Ladder
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Appendix J. Isolated Plasmid DNA Concentrations
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Appendix K. GenomeLab Methods Development Kit Dye Terminator Cycle Sequencing
Protocol (Beckman Coulter Inc., Fullerton, CA, 2005)
Materials provided by Beckman Coulter:
Methods Development Kit (P/N 608000):
• DNA polymerase
• Dye Terminators (ddUTP, ddGTP, ddCTP, ddATP)
• dNTP(I) Mix Solution
• dNTP(G) Mix Solution
• Sequencing Reaction Buffer
• pUC18 Control Template (0.25 µg/µL)
• M13 -47 Sequencing Primer (1.6 pmol/µL or 1.6 µM)
• Glycogen (20 mg/mL)
• Mineral Oil
• Sample Loading Solution (SLS)
Required materials not provided by Beckman Coulter:
• Molecular Biology Grade: Sterile dH2O, 95% (v/v) ethanol/dH2O,
70% (v/v) ethanol/ dH2O
• 3M Sodium Acetate pH 5.2 - Sigma, Cat # 430771
• 100 mM Na2-EDTA pH 8.0 (diluted from 0.5M Na2-EDTA pH 8.0
- Sigma, Cat # 7889)
• Sterile tubes, 0.5 mL microfuge, 0.2 mL thin-wall thermal cycling
tubes or plates
• Thermal cycler with heated lid
Preparation and Storage
Preparation and Storage of the Kit:
Storage of the Methods Development kit must be in a -20°C
non-frost-free freezer.
Preparation and Storage of the Premix:
1. Prepare each Premix in a sterile 1.5 microfuge tube:

2. Mix and aliquot the Premix into sterile 0.5 mL microfuge tubes:
Each aliquot is enough for 16 samples.
3. Store the aliquots in a -20°C non-frost-free freezer. Minimize freezing
and thawing of the aliquoted Premix.
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Preparation of the DNA sequencing reaction*:
Prepare the 20 µL sequencing reaction in a 0.2 mL thin-wall tube or
microplate well. Keep all reagents on ice while preparing the
sequencing reactions and add components in the order listed below.
.

*Note: Mix reaction components thoroughly. Consolidate the liquid to
the bottom of the tube or well by briefly centrifuging before
thermal cycling.
Thermal cycling programs:

**For the supplied M13 -47 primer, an annealing temperature of 58°C
is suitable for most templates. The thermal cycling parameters may
need to be modified for other primer and template combinations. For
the annealing step, a temperature based on the primer melting
temperature (Tm ) minus 3 to 5°C is recommended as a starting
point.
Ethanol precipitation:
1. Prepare a labeled, sterile 0.5 mL microfuge tube for each sample.
2. Prepare fresh Stop Solution/Glycogen mixture as follows (per
sequencing reaction): 2 µL of 3M Sodium Acetate (pH 5.2), 2 µL of
100mM Na2-EDTA (pH 8.0) and 1µL of 20 mg/mL of glycogen
(supplied with the kit). To each of the labeled tubes, add 5 µL of the
Stop Solution/Glycogen mixture. Transfer the sequencing reaction to
the appropriately labeled 0.5 mL tube and mix thoroughly.
3. Add 60 µL cold 95% (v/v) ethanol/dH2O from -20°C freezer and mix
thoroughly. Immediately centrifuge at 14,000 rpm at 4°C for 15
minutes. Carefully remove the supernatant with a micropipette (the
pellet should be visible).
Note: For multiple samples, always add the cold ethanol/dH2O
immediately before centrifugation.
4. Rinse the pellet 2 times with 200 µL 70% (v/v) ethanol/dH2O from
-20°C freezer. For each rinse, centrifuge immediately at 14,000 rpm
at 4°C for a minimum of 2 minutes. After centrifugation carefully
remove all of the supernatant with a micropipette.
5. Vacuum dry for 10 minutes (or until dry).
6. Resuspend the sample in 40 µL of the Sample Loading Solution
(provided in the kit). See Appendix C for handling and storage of the
Sample Loading Solution.
Note: For plate precipitation instructions, refer to the Applications
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Information Bulletin (A1903A), A Rapid and Efficient Method
for the Post-Reaction Clean Up of Labeled Dye Terminator
Sequencing Products.

Sample preparation for loading into the instrument:
1. Transfer the resuspended samples to the appropriate wells of the
polypropylene sample plate recommended for the instrument.
2. Overlay each of the resuspended samples with one drop of light mineral oil
(provided in the kit).
3. Load the sample plate into the instrument and start the desired method.
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Appendix L. Protocol: Plasmid DNA Purification Using the QIAprep Spin Miniprep Kit and a
Microcentrifuge (Qiagen, 2005)
This protocol is designed for purification of up to 20 μg of high-copy plasmid DNA from 1–5 ml overnight cultures of E.
coli in LB (Luria-Bertani) medium. For purification of low-copy plasmids and cosmids, large plasmids (>10 kb), and
DNA prepared using other methods, refer to the recommendations on page 44.
Note: All protocol steps should be carried out at room temperature.
Procedure
1. Resuspend pelleted bacterial cells in 250 μl Buffer P1 and transfer to a microcentrifuge
tube.
Ensure that RNase A has been added to Buffer P1. No cell clumps should be visible after resuspension of the pellet.
If LyseBlue reagent has been added to Buffer P1, vigorously shake the buffer bottle to ensure LyseBlue particles are
completely dissolved. The bacteria should be resuspended completely by vortexing or pipetting up and down until no
cell clumps remain.
2. Add 250 μl Buffer P2 and mix thoroughly by inverting the tube 4–6 times.
Mix gently by inverting the tube. Do not vortex, as this will result in shearing of genomic DNA. If necessary, continue
inverting the tube until the solution becomes viscous and slightly clear. Do not allow the lysis reaction to proceed for
more than 5 min.
If LyseBlue has been added to Buffer P1 the cell suspension will turn blue after addition of Buffer P2. Mixing should
result in a homogeneously colored suspension. If the suspension contains localized colorless regions or if brownish
cell clumps are still visible, continue mixing the solution until a homogeneously colored suspension is achieved.
3. Add 350 μl Buffer N3 and mix immediately and thoroughly by inverting the tube 4–6 times.
To avoid localized precipitation, mix the solution thoroughly, immediately after addition of Buffer N3. Large culture
volumes (e.g. ≥5 ml) may require inverting up to 10 times. The solution should become cloudy. If LyseBlue reagent
has been used, the suspension should be mixed until all trace of blue has gone and the suspension is colorless. A
homogeneous colorless suspension indicates that the SDS has been effectively precipitated.
4. Centrifuge for 10 min at 13,000 rpm (~17,900 x g) in a table-top microcentrifuge.
A compact white pellet will form.
5. Apply the supernatants from step 4 to the QIAprep spin column by decanting or pipetting.
6. Centrifuge for 30–60 s. Discard the flow-through.
7. Recommended: Wash the QIAprep spin column by adding 0.5 ml Buffer PB and centrifuging for 30–60 s.
Discard the flow-through.
This step is necessary to remove trace nuclease activity when using endA+ strains such as the JM series, HB101 and
its derivatives, or any wild-type strain, which have high levels of nuclease activity or high carbohydrate content. Host
strains such as XL-1 Blue and DH5〈™ do not require this additional wash step.
8. Wash QIAprep spin column by adding 0.75 ml Buffer PE and centrifuging for 30–60 s.
9. Discard the flow-through, and centrifuge for an additional 1 min to remove residual wash buffer.
Important: Residual wash buffer will not be completely removed unless the flow-through is discarded before this
additional centrifugation. Residual ethanol from Buffer PE may inhibit subsequent enzymatic reactions.
10. Place the QIAprep column in a clean 1.5 ml microcentrifuge tube. To elute DNA, add 50 μl Buffer EB (10
mM Tris·Cl, pH 8.5) or water to the center of each QIAprep spin column, let stand for 1 min, and centrifuge for
1 min.
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Appendix M. Edited Sequences (FASTA Format)
>BLANK1
CCAAGACTTGGCGTAATCATGGTCATAGACTGTTTCCTGTGTGAAATTGTTATCCGCTCA
CAATTCCACACAACATACGAGCCGGAAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGA
GTGAGCTAACTCACATTAAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGTGGTATTT
ATACCTGTCGTGCCCAGCCTGGCATTTAATTGAAATTCGGGGCCAAACGCCGCCCGGGGA
AGAAGGGCGGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGC
TCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCC
ACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAAGCCNGCAAAAGGCCAGG
AACCGTAAAAAGGCCGCGTTGCTGGCGTATTTCCATAGGCTCGCCCCCCCTGACGAGCTT
CCCCAAAATCGACGCTCCAGTCCGAGGTGGCGAAACCGGAACAGGACCTATAAGGATTCC
AGGGCGTTTCTCCCTGGAAAGCTCCCTCGTGCGCCTCTCCTGGTTCGGACCCTGCCGCTT
ACCGG
>BLANK2
AAGGGCGAATTCCAGCACACTGGCGGCCGTTACTAGTGGATCCGAGCTCGGTACCAAGCT
TGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCAC
ACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAAC
TCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGC
TGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCG
CTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTC
ACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAA
>BLANK3NC
AATTACCAGCACACTGGCGGCACGTTACTAGTGGATCCGAGCTCGGTACCAAGCTTGGCG
TAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAAC
ATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACA
TTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCAT
TAATGAATCGTGTTTTCGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTC
CTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTC
AAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGC
AAAAGGCCAGCAAAAAGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAA
GCTCCGCCCCCCTGACGAGCATCACAAAATCGACGCTCAAGTCAGAGGTGGCGAACCCGA
CGGACTATAAGATAC
>BLANK4NC
ACACTCGGCGGACGTAATAAGTGGATCCAGCCGGTACCAGCTTGGCGTAAATCTGGTCAT
AGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCCACACAACATACGAAGCCGG
AAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAAGCTAACCTCACATAAATTGC
GTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCCTGTCGTGCCAGCTGCATTAATGAA
TCTTTGTCTCCAAACGCGCGGGGAAGAGGGCCGGGTTTGCCGTTATTGGGGGCGCCTCCT
TCCGCCTTCCCTCGCCTCCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGT
ATCGGCTCACTCCAAGGCGGTAATACGGTTATCCACAGAATCNGGGGATAACGCANGAAA
GAACTTGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGCCGCGTTGCTGGCG
TTTTCCTAGGCTCCGCCCCCTGACGAGCTCCAAAATCGACGCTCAGTCGAGTGCGAACCG
ACGGACTTAAGAT
>A71 NC
GAATTCCAGCACACTGGCGGCCGTTACTAGTGGATCCGAGCTCGGTACCAAGCTTGGCGT
AATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACA
TACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACAT
TAATTGCGTTGCGCTCCTTGCCCGCCTTCCAGTCGGGAAACCTGTCGTGCCGCCTGCATT
AATGAATTGGCCAACGCGCGGGGAGAGGCGGTGTGCGTATTGGGCGCTCTTCCGCTTCCT
CGCTCCCTGACTCACCTGCGCTCGGTCGTTCGTCTGGCGCGAGCGGT
>SI5.1.1
CGGCGCTGCCAACCTGCAGTCAACGCAAAGCCCCGCAGGGGTAAGTAGAGTGGCAACGGG
TGAGTAACACGTGGGTGACCTGCCTTCGAGTGGGGGATAACGTCCCGAAAGGGACGCTAA
TACCGCATGACTTCCTGCCTTTAGAGAGGCGGAGATCAAGCTGGGGATCGCAAGACCTAG
CGCTTGAAGAGGGGCCCGCTCTTTGTATTAGCTAGTTGGTGAGGTAATGGCTCACCAGGG
CGACGATCAGTATCCGGCCTGAGAGGGCGGACGGACACACTGGGACTGAGACNCGGCCCG
AACTCCTACGGGAGGCGCAGTGGGGAATTGTTCGCATGGGCGCAGCCTGACGACGCACGC
CGCGTGGAGATGAAGATCTTCGGGTCGTAACTCCTGTCGAGCGGGACGATTGCCTTGCNG
GTGAATATCCGCGAGGGTGACGGTCCCGCTTAAGGAAGCCCGGCTACTCGTGCCACGGCC
CGGT
>SI5.1.2
ACCGGGGCTGCTGGCACGAAGTTAGCCGGGGCTTCTTCTCACGCTACCGTCATAATCGTC
GCGTGCGAAAGAGCTTTACAACCCTAGGGCCTTCATCCCTCACGCGGCGTGGCTGGATCA
GGCTTGCGCCCATTGTCCAATATTCCCCCCTGCTGCCTCCCGTAGGAGTTTGGGCCGTGT
CTCAGTCCCAGTGTGGCTGATCATCCTCTCAGACCGCTCCTGATCGTTGCCTTGGTGAGC
CGTTACCCCACCCCCCAGCTAATCGGACGCGGGCCGTTCCTTCGGCGATCCATCTTTCTG
TTCATCGCAGGTATCCGGTATTACCCCCTGTTTCCCTGGGTTATCCCGTTCCGATGGGCG
TGTTCCCACGTGTTGTTCGTCCGTCTTGCCATCTCTCCCCGAAAGGGTGAGTTCGACCTT
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GCATGTGTTA
>SI5.1.3
AAGGGGGGCAACTCCCTGAATAAAGCGGCGCACGGGTGAGTAACACGTAAGGTAATCTAC
CCTCGAAGTTCCAGGAATAACCCCGCCCGAAAAGGTGAAGCCTAAATACCCGGAATATGA
CCACCGGGAAGTTTCGGCTCCTGCGGTGAAAGGTGGCCTCTGCTTGCAAGCTACCGCTCG
GAGATGAGCCTGCGGGCCATTACCTAGTTGGTGAGGTAACGGCTCCCCAAGGCGATGATG
GCTAGCTGGTCTGAGAGGATGGCCAGCCCCACTGGGACTGAAACACGGCCCAAACTCCTA
CGGGAGGCAGCAGTGGGGGATATNGCGCAATGGGCGAAAGCCTGACGCAGCGACGCCGCG
TGGGGTGATGAAGGCCTTCGGGGTCGTAAAGCCCCTGTCGAAGGGGGAACGAAA
>SI5.1.4
TGCAAGTGGTGCGACAACCAGGGCTTGCCCTGGGGCAAAGCCGCGAACGGGTGAGTAACC
ACGTGGGTAATCTGCCCCGATGAACCGGGACAACCCCGAGGAAACCTCGGGGCTAANTAA
CCGGAATGTGGTGCCCAGGCCTTTAAGCCCTGTGTACTAAAGGAAGCTTCCGGCCTCCGC
ATNGGGAGGAGCTTTTTTTGGCCCATTAGCTTGTGGGTGGGGTACGGCCTACCAGGCAAC
GATGGGTAACTGGTCTGAGAGGACNATCGCCCACTGGGACTGAGACACGGCCCGACTCCT
ACGGGAGCGCAGTGGGGATCTGCNCNTTGCCCAAAAGCGTGACGCGCNCGCCGCGTGGGG
GAAAAAGCCTCGGGT
>SI5.1.5
AGCGGCGAAAGGGAGAGTAACGCGTAGCTACGTACCCCAGAGACCGGAATAGCCAGCCGA
AAGGCTGGGTAATGCCGGATGATGTCCCTGGACTAAAGGGTGTGATTCCGCTTTGGGAGC
GGGCTGCGTTGTACTAGCTTGTTGGTGGGGTAAATGGCCTACCTTTGCGATGATGCATAC
CGGGCGTGAGAGCGTGGCCCGGCTCACTGGGACTGAGACACTGCCCAGACACCTACGGGT
GGCTGCAGTCGAGAATCTTCGGCAATGAGCGCAGCTTGAACCGAGCGACGCCGCGTGCGG
GATGAAGGCCTTCGGGTTGTAAACCGCTTTCCGTAGGGAGGAAATTGCTAGGGGTCATCC
CTAGTATTGACCTATCTTCGGAAGAAGACGGGCTAGTTCGTGCCAGCGCC
>SI5.2.1
ATTGAACGCTGGCGGCATGCTTTACACCTGCAAGTCGAACGGTAACAGGCCGTCANGTGC
TGACAAGTGGCGAACGGGTGAGTAATGCATCGGAACGTGCCCAGTCGTGGGGGATAACTG
CTCAAAAGAGCAGCTAATACCGCATACGATCTATGGATGAAAGCGGGGGACCGTAACGCC
CCCCGCGATTGGAGCGGCCGATGTCAGATTAGGTAGTTGGTTTGGTAAAGGCTCACCAAG
CCAACGATCTGTAGCTGGTCTGAGAGGACGACCAGCCACACTGGGACTGAGACACGGCCC
AGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGGGCAACCCTGATCCAGC
AATGCCGCGTGCAGGAAGAAAGCCTTCGGGTTGTAAACTGCTTTTGTACGGAACGAAACG
GTCTGGGTAAATACCCTGGGCTAATGACGGTACCGTAAGAATAAGCCCCGGCTAACTACG
TGCCCGCAGCCGCGGT
>SI5.3.2
ACCGGGGCTGCTGGCACGTAGTAGCCGTTGCTTATTCGCCGAGTACCGTCGGGTGTCTTC
CTCGACAAAAGCGGTTTACGACCCGAAGGCCTTCATCCCGCACGCGGCGTGGCTGCGTCA
GGGTTTCCCCCATTGCGCAAAATTCCTAACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGT
CTCAGTCCCAGTCTGGCTGGCCATCCTCTCAGACCAGCTACGGATCTACGCCATGGTGAG
CCGTTACCTCACCATCTAGCTAATCCGCCGCAGGCCCCTCCAAAAGCGTCTTACGACTTT
GAGCACCGAAATGAATCGGTGGTCACATGCGGTATTAGCGACTCTTTCGAGTCGTTATCC
CCCACTTCACGGCAGGTCACCTACGTGTTACTCAGCCGTTCGCCACTAGCCTTTCCCCTT
GCGGGGATTGGCCCGTTCGACTTGCATGTTTTATGCACGCCGC
>SI5.3.3
GGCGTGGCTAAGACATGCAAGTCGCACCGTGTAGCAATACC--GTGGCGAACGGGTGAGT
AATGAATCGCTAATGTACCCCGGACTCTGGGATAGCTGCCCGAAAGGGCAGGTAATACCG
AATGAGACCACGATCAGGCATCTGATTGTGCTCAAAGGTCCGCCGGTCTGGGAGCAGGCG
ATTTCGTATCAGCTTGTTGGTGAGGTTCTTGCTCCCCAAGGGAACGACGCGTAGCCGAAA
CTGAGAGGGTTGGCCGGCCACNTTGGGACTGAGACACTGCCCAGACTCCTACGGGGGGCT
GCAGTAACGAATCTTCCGCAATGCNCGAAGGTGTGACGGAGCGACGCCGCGTGTAGGACG
AAGCCCTTCGGGGTGTAAACTACTGTCGGGGGTTGAAAGTTCTGATCACCCCGGAGAAGG
CCCGCTACTCGTGCCGCGGCCCGGT
>SI5.3.4
AACGGTAAATACTGTAGCAATATAGTATGAGAGTAGCGTAAGGGTGCGTAACACGTATGC
AATCTGCCCTGTACAGGAGGATAGCTCGGCGAAAGCCGGATTAATACTCCGTAATATTAG
AAGGTGGCATCATTTTTCAATTAAAGTCGCAAGATGGTACAGGATGAGCATGCGTCTGAT
TAGCTTTTTGGTAGTGTAACGGACTACCAAGGCGATGATCNGTAGGGGAACTGAGAGGTT
GATCCCCCACACTGGCACTGAGATACGGGCCGACTCCTACGGGAGGCAGCAGTAGGGAAT
ATTGGTCAATGGATGCAAGTCTGAACCAGCCATGCCGCGTGCAGGAAGAAGGCCTTCTGG
GTTGTAAACTGCTTTTGCCGGGGGATAAAATTCCCTGCGAGGTAAATTGAAGGTACCCGG
TGAATAGCCCGGCTA
>SI5.3.5
GGGGTAGATCAGATCTTTCTTTCCCCTGACAGTAGTTACATCCCGAAGGACTTCGTCCTA
CACGCGGCGTCGCTCCATCACACTTTCGTGCATTGTGGAAGATTCGTTACTGCAGCCCCC
CGTAAGGAGTCCGGACAGTGTCTCAGTTCCGATGTGGCCGGCCGAACCTCTCAGCCCGGC
TATGCGTCATTGCCTTGTGTGAAGCCATTACCCTCACCAACTAGCTGATACAATATAGCC
TCATCCCAGAATGGTTGCCCTTTGAGAACAGTGCCATGCGACACCGTTAATTTCATCTGG
TATTACCTGTCCTTTCGGACAGCTATCCCAGGTTCCAGGGTAGATTAGCTATACATTACT
CCCCCGTGCGCCACTGACGTATTGCTACGCCCGTACGACTTGCTTGTCTTAGCCCGCCGC
CGGCGTTCAGG
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>SI6.1.1
TTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGTATCTCAGTCCCAGTGTGGCTGATC
ATCCTCTCAGACCAGCTATCGATCGTCGGCTTGGTTTATTTTCTACCTCNCCAACTACCT
AATCGAACGCGGGCCCCTCCATTGGCGATAAATCTTTCCCCTCTCGGGCTCTTGCGGTAT
TAGCTGCAGTTTCCCGCAGTTTTCCCCCACCACTGGGCAGGTTCCCCCGCGTTACTCACC
CGTCCGCCACTCTCCCCGAACCGAAGTCCCGATCCCGTTCGACTTGCTTGTGTTAGGCTT
GCCGCCAGCGTTCNTTCTGA
>SI6.1.2
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCCTTACACATGCAAGTCGAAC
GGCAGCACGGGGGCAACCCTGGTGGCGAGTGGCGAACGGGTGAGTAATGCATCGGAACGT
GCCCAGTAGTGGGGGATAACCAGTCGAAAGATTGGCTAATACCGCATACGACCTACGGGT
GAAAGCGGGGGACCGTAAGGCCTCGCGCTATTGGAGCGGCCGATGTCTGATTAGCTAGTT
GGCGGGGTAAAAGCCCACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGACGACCAGCCA
CACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACA
ATGGGCGCAAGCCTGATCCAGCCATGCCGCGTGCGGGAAGAAGGCCTTCGGGTTGTAAAA
CGCTTTGGGCAAGAACGAAACGGCGACTCCTAATACGAGTCGTTAATGACGGTACCTGCA
GAATAAGCACCGGCTAACTACGTGCCAGCAGCC
>SI6.1.3
GAGTTTGATCCTGGCTCAGAATGAACGCTGGCGGCGTGCCTTACACATGCAAGTCGAGCG
AGGCGGGGTAGCAATACCCCAGTCGAGCGGCGAACGGGTGAGTAACGCGTGGGTAACCTG
CCCTGAGGTGGGGGATAACCCGGGGAAACTCGGGCTAATACCGCATGACATCTACGGATC
AAAGGGGGCCGCAAGGTCTCCCGCCACAGGAGGGGCCCGCGTACGATTAGCTAGTTGGTA
GGGTAACGGCCTACCAAGGCGACGATCGTTAGCCGGCCTGAGAGGGTGATCGGCCACACT
GGAACTGAGACCCGGTCCCGACTCCTACGGGAGGCAGCCGTGGGGAATTTTGCGCAATGG
GCGAACGCCTGACGCGCCAACGCCGCGTGGAGGATGAAGGCCCT
>SI6.1.4
AGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAAC
GGGACCAGGGGCAACTCTGGTTCAGTGGCGGACGGGTGCGTAACACGTGAGGAACATGAC
CTAACAGAGACGAGGGGAATAAACCGGGCCCAAACGGGCCGGGGGTAAATAACCGCCGTT
ACGAACCCAATTTGGGGGAACATTCCCNGGAATGGTGAAAGCAGCAATGCGCCGATAGAG
TGCCTCGCGGCCTATCAGCTAGTTGGTGGGGTAACGGCTCACCAAGGCAACGACGGGTAG
CTGGTCTGAGAGGATGGCCAGCCACATTGGGACTGAGACACGGCCCAAGACTCCTACGGG
AGGCAGCAGTGGGGAATATTGCGCAATGGACGAAAGTCTGACGCAGCGACGCCGCGTGTG
GGATGACGGTCTTCGGATTGTAAACCACTGTCCGGAGGGACGAATACGCCGCAAGGCGGG
TGACGGTACCTCCAAAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCCCGG
>SI6.1.5
AGAGTTTGATCCTGGCTCAGAATCAACGCTGGCGGCGTGCCTCAGACTGCAGTCGAACGC
GAAAGTCCCCTTCGGGGGACAAGTAGAGTGGCGCACGGGTGAGTAACACGTAGGTAATCT
ACCTTCGGGTGGGGAATAACAACCGGAAACGGTTGCTAATACCGCATAATGCAGCGGCAC
CTAATGGTGACAGTTGTTAAAGCGGGGGATCGCAAGACCTCGCGCCTGAAGAGGAGCCTG
CGGCGGATTAGCTAGTTGGCAGGGTAACGGCCTACCAAGGCGACGATCCGTAGCCGGCCT
GAGAGGGCGGTCGGCCACACTGACACTGACATACGGGTCAGACTCCTACGGGAGGCAGCA
GTCGGGAATTTTGGGCAATGGGCGAAAGCCTGACCCAGCAACGCCGCGTGAAGGATGAAA
TCCCTCGGGATGTAAACTTCGCAAGAACGGGGAGAATAAG
>SI6.2.5
CTTAACACTGACAGTAGAACGTAAGGACCCTTAGGGGGTAACAGAGTGGCGAACGGGTGA
GTAACACGTGAGACACCTGCCCTTGANTCTGGGATAACAGTTGGAAACAGCTGCTAATAC
CGGATACGACCCTTGATGACANTCATNTGGGGTGGAAAGCGACTTTAGACGGTCAAGGAT
GGGACTCGCGGCCTATTAGTCTTGTTGGTGAGGTAACGGCTCACCAAGGCTTCGACGGGT
AGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGATACGGCCCAGACTCCTACGG
GAGGCAGCAGTGGGGAATATTGCAACATGGGCGCAAGCCTGATGCAGCAACGCCGCGTGC
GGGATGACGGCCTTCGGGTTGTAAACCGCTTTCAGTTCCGACGAAGCGCAAGTGACGGTA
GGAACAGAAGAAGGACCGGCCAACTACGTGCCAGCAGCCCCGGT
>SI6.3.1
ATTGAACGCTGGCGGCATGCTTTACACATGCAAGTCGAACGGGCCAGGGGGCAACTCCTG
AGTCAGTGGCGAACGGGTGAGTAATGCATCGGAACGTGTCCCGTAGTGGGGGATAACCCG
GCGAAAGCCGGACTAATACCGCATATGCTCTACGGAGGAAAGCGGGGGACCCGAAAGGGC
CTCGCGCTATGGGGGCGGCCGATGTCCGATTAGCTTGTTGGTGGGGTAATGGCCTACCAA
GGCGACGATCGGTAGCTGGTCTGAGAGGATGATCAGCCATCACTGGGACTGAGACACGGC
CCGAGACTCCTACGGGAGGCAGCAGTGGGGAATTCTTGGACAATGGGGGCAACCCTGATC
CAGCCATGCCGCGTGCGGGAAGAACGCCTTCGGGTGGTAAACCGCTTTTAGCCCGGGAAA
GACAAAGGCACAGTGCCAACACCCCTGTTGCTTTCTTGAACGGGTACCTGGTCGTGAATA
A
>SI6.3.3
AACGAACGCTGGCGGCGTGGATAAGACATGCAAGTNGAACGGGAACAGGTTTGTAGCAAT
AACAGGGCTTGGTTCAGTGGCGCACGGGTGCGTAACACGTGAGCAATCTGCCGGGAAGTG
GGGGATAGCTCGCCGAAAGGCGAATTACTACCGCATGTGGCCATCCTTCGATTGGAGGAA
AAGCCNCCGCAGCAGTGCGCTTCCTGATGAGCTCGCGGCCTATCCGCTAGATGGCGGGGT
AACAGACCCTCCATGGCGATGACGGGTAGCTGGTCTGAGAGGACGACCCGCCACACTGGA
ACTGAGATACGGTCCAGACACCTGCGGGTGGCAGCAGTCGAGAATTTTTCACAGTGGGGG
AAAACCCTGGATGGACGCGCACGCC
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>SI6.3.4
GTTTGATCCTGGCTCAGATTGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAGCGGT
AACAGGTGTAGCAATACATGCTGACGAGCGGCGGACGGGTGAGTAACGCTTGGGAATCTA
CCCATGTAGTGGGGAATAACCAGTCGAAAGATTGGCTAATTCCGCATACGCCCTTCGGGG
GAAAGCGGGGGACCGTAAGGCCTCGCGCCATTGGATGAGCCCAAGTCGGATTAGCTAGTT
GGTAGGGTAACGGCCTACCAAGGCGACAATCCGTAGCTGGTCTGAGAGGACGACCAGCCA
CACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACA
ATGGGGGCAACCCTGATCCAGCGACGCCGCGTGTGTGAAGAAAGCCTGCGGGTTGTAAAG
CACTTTTAGTGGGGATGAAAAGCTCTGGGATAACACCCCGGGGTCTTGACCTAACCCACA
GAAAAAGNACCGGCTAACTCTGTGCAAGCAGCCCCGGTAA
>SI6.3.5
ACCGGGGCTGCTGCACGTAGTTAGCCGGTGCTTCTTCTGTGAGTACCGTCAGTAGTCACA
AGTATTAGTCGTAACCGTTTCGTTCCCACCGAAAGAGCTTTACAACCCGAAGCCTTCTTC
ACTCACGCGGCATGGCTGGATCAGGGTTGCCCCCATTGTCCAAAATTCCCCACTGCTGCC
TCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGATCATCCTCTCAGACCAG
CTACCGATCGTCGCCTAGGTAGGCCTTTACCCTACCTACTAGCTAATCGGACATCGGCCG
CTCCTGCAGCGCGAGGCCCTTGCAGGTCCCCCGCTTTCCTCTTCCGAGCGCATGCGGTAT
TAGCCTGGCTTTCGCCAGGTTATCCCCCACCACAGGACACGTTCCGATGTATTACTCACC
CGCTCGCCACTCGCCACCAGGGTTGCCCCCGTGCTGCCGTTCGACTTGCATGTGTAAAGC
ATGCCGCCAGCGTTCAATCTGAGCCAGGATCAAACTCTA
>A11.2.1.1
GAGTTTGATCCTGGCTCAGAGCGAACGTTAGCGGCGGGCCTAACACATGCAAGTCGAGCG
AGAAAAAGGGCTTCGGCCCTTAGTAAAGCGGCGGACGGGTGAGTAACACGTAGGTAATCT
TCCCTTGAGCGGGGGACAACGAGCCGAAAGGCTCGCTAATACCGCATACGTTTCCAGAGG
CCCCGGTCTTTGGAAGGAAAGCTAGGCCGCAAGGTCCGGCACTCGAGGAGGAGCCTGCGT
CGCATCAGCTAGTTGGTGGGGTAACGGCCTACCAAGGCGAAGACGCGTAGCTGGTCTGAG
AGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTG
GGGAATATTGGACAATGGGCGCAAGCCTGATCCAGCCGCGCCGCGTGAGTGATGAAGGCC
TCGGGTCGTAAAGCTCTGTGGGGAGGGACGAACGCTGCACGTTCATATCGTGCAGCATGA
CGGTACCTCCCTAGCCAGCACCGGCTAACTTCGTGCAAGCAGCCCCGGT
>A11.2.1.2
ACCGGGGCTGCTGGCACGGAGTTAGCCGGTGCTTCTTCCTGTGGTACCGTCAAACCCCAT
GAGTATTAGTCATAGGGCTGTTCTTTCCACACGAAAGGGCTTTACAACCCGAAGGCCTTC
ATCGCCCACGCGGCGTCGCTGGGTCAGGCTTTCGCCCATTGCCCAATATTCCCCACTGCT
GCCTCCCGTAAGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGATCATCCTCTCAGAC
CAGCTACCCGTCATAGCCTTGGTGAGCTCTTACCTCACCAACAAGCTGATAGGCCATGGG
CTCATCCTCAAGTGATAGCATGAATAAATTCAAGCCACCTTCTACCCCGTAGCTTAGGCT
ACGTGGTCTTATCCGGTATTAGCTCCGCTTTCGCGAGGTTATCCCGGGCTCGAGGGCAGA
TTACCCACGTATTACTCACCCGTCCGCCGCTCTACACGCCCCCAAAGGGACTTTCGCGCT
CGACTTGCATGTGCTAGGCACGCCGCCAGCGTTCGTTCTGAGCCAAGATCAAACTCT
>A11.2.2.1
AAAGGGCGAATTCCAGCACACTGGCGGCCGTTACTAGTGGATCCGAGCTCGGTACCAAGC
TTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCA
CACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAA
CTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAG
CTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCC
GCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCT
CACTCAAAGGCGGTAATACGGTTATTCACAGAATCAGGGGATAACGCAGGAAAGAACATG
TGAGCAAAA
>A11.2.2.3
ACCGGGGCTGCTGGCACGTAGTTAGCCGTGGCTTCCTCCAGGGGTACCCGTCCGTTCTCT
TCCCCCCCTAGACAGAGCTTTACGACCCGAAGGCCTTCTTCGCTCACGCGGCGTCGCTCG
GTCAGGCTTTCGCCCATTGCCGAAAATCCCTCACTGCTGCCCCCCGTAGGAGTCTGGGCC
GTGTCTCAGTCCCAATGTGGCCGTTCACCCTCTCAGGCCGGCTACCCATCATCGCCTTGG
TGGTCCGTTACACCGCCAACTAGCTAATGGGACGCGGGCTCCTCCTCCGGCGGGTTTCCC
CTTTGACCGTTCTCCCATGCGAGAGTACGGCCTCATGCGGTATTAGCAGGCCTTTCGGTC
TGTTATCCCGCTCCAGAGGGCAGATTGCCCACGTGTTACTCACCCGTTCGCCGCTAAAGC
CAATTCCTTCCCATCGCTGGGCTATCCTCAGCCTCCGCTCGACTTGCATGTGTTAGGCAC
GCCGC
>A11.2.2.4
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCTTTACACATGCAAGTCGAAC
GGCAGCACGGGGGCAACCCTGGTGGCGAGTGGCGAACGGGTGAGTAATACATCGGAACGT
GTCCAATGGTGGGGGATAACCTGGCGAAAGCCAGGCTAATACCGCATGTGCTCGAGAGAG
CAAAGCGGGGGACCGCAAGGCCTCGCGCCAATGGAGCGGCCGATGTCCGATTAGCTAGTT
GGTGAGGTAAAGGCTCACCAAGGCGACGATCGGTAGCTGGTCTGAGAGGATGATCAGCCA
CACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACA
ATGGGGGCAACCCTGATCCAGCANGCCGCGTGAGTGAAGAAGGCCTTCGGGTTGTAAGCT
CTTTCGGTGGAACGAAACGGGCGGGTGAACAATCGCCTCATGACGGTACTCACAGAAGAG
CACGGCTACTACGTGCAGCAGCC
>A11.2.2.5
ACCGGGGCTGCTGGCACATGGTTAGCCGGTGCTTGCTAAGGAGGTACCGTCAGGGCGCCG
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TAGTGTTAGTACGGCACTTATTCGTCCCTCCCCACAGAGCTTTACGACCCGAAGGCCTTC
ATCACTCACGCGGCGGGGCTGGGTCAGGCTTTCGCCCATTGCCCAATATTCCCCACTGCT
GCCTCCCGTAGGAGTCTGGGCCGTGTCGCAGTCCCAGTGTGGCTGATCATCCTCTCAGAC
CAGCTACCCGTCTAAGCCTTGGTGAGCCATTACCTCGCCAACTAGCTGATGGGACGCGGG
CTCATCTTCCGGTGACAGCTTCCAAGGAGAGGCCATCTTTCCCAACGTGGTCCGTAGACC
TCGCTGACGTATGCGGTATTAGCAATCCTTTCGGACTGTTGTCCCCCGCCGGAAGGTAGA
TTACCCACGTGTTACGCACCCGTCCGCCACTTTACTAAGGGGATTGCTCCCTATTCTCGT
TCGACTGCATGTGTAGGCCCGCCGCTAACGT
>A11.2.3.1
ACCGGGGCTGCTGGCACAGAGTTAGCCGGTGCTTCCTTTGAAGGTACCGTCACCTCCCGA
GGCTGTTAACCTCGGGAGCATTCGTTCCTCCCGACAGAGCTTTACGACCCGAAGGCCTTC
ATCACTCACGCGGCGTTGCTGCGTCAAGCTTTCGCCCATTGCGCAATATTCCCCACTGCT
GCCTCCCGTAGGAGTCTGGACCGTGTCTCAGCTCCGGTGTGGCTGATCATCCTCTCAGAC
CAGCTAACCATCTTTGCCTTGGTAGGCCGTTACCCTACCAACTAGCTAATGGTGCGCAGG
CCCATCTCTAAGTGATAGCTTGCAAGCAGAGGCTACCTTTGACCCCTGTTCCCGCAGGAA
CTGTGGTCTTATTCGGTATTAGCTCATCTTTCGACGAGTTATCCCAATCTTAGAGGCAGG
TTACCCACGTGTTACTCACCCGTGCGCCACTTTACTCGGAGCCGAAGCCCCTTCTCGTTC
GACTGCATGTGTAGGCACGCGCCAGCGTCGTCTGAGCCAGATCAACTCT
>A11.2.3.3
ACCGGGGCTGCTGGCACGGAGTTAGCCGATGCTTATTCCCAAGGTACCTTCAATTCTGTA
CACGTACAAAATTTTATTCCCCTGGAAAAGAAGTTTACAACGCATAGCGCCTTCTTCCTT
CACGCGGGATGGCTGGTTCAGGCTTGCGCCCATTGACCAATATTCCTCACTGCTGCCTCC
CGTAGGAGTCTGGTCCGTGTCTCAGTACCAGTGTGGGGGATCACCCTCTCAGGACCCCTA
AAGATCGGAGCCTTGGTAGGCCATTACCCTACCAACTAGCTAATCTTACGCATGCCCAGC
CCGTACCGTCGGAACTTTAAATATAAAAAGATGCCTCTTCATATCTTTATGGGGTATTAG
TCCGAATTTCTCCGGGTTATCCCCCAGTACAGGGTAGGTTGCATACGCGTTACTCACCCG
TGCGCCGGTCGCCATCAGAGTATTGCTACCCTATGCTGCCCCTCGACTTGCATGTGTTAA
GCCTCCGCTAGCGT
>A11.2.3.4
ACCGGGGCTGCTGGCACGGAGTAGCCGTGCTTCCTTTAGGGGTACCCGTCAGGGATGCGA
CGTATAGGTCGCATCCGTTTCGTTCCCCTCGACAAGGGCTTTACGACCCGAAGGCCTTCA
TCACCCACGCGGCGATCGCTGCGTCAGGCTTTCGCCCATTGCGCAATATCCCCCACTGCT
GCCTCCCGTAGGAGTCTGGGCCGTGATCCAGTCCCAGTGATGGCTGGCCATCCTCTCAGA
CCAGCTAGCCATCATCGCCTTGGTGGGCCGTTACCTCACCAACTAGCTAATGGCGCGCAG
GCCCATCTTCGAGCAATAGCTTGCAAGCAGAGGCCATCTTTCACCGCGGAAACCGTGATT
CCCGTGGTCATATCCGGTATTAGCCCACCTTTCGGTANGTTATCCTGGACTCGAGGGTAN
GTTACCTACGTGATTACTCACCCGTGCGCCGCTTTACTCAGGGAGTTGCCCCCCCTTTTC
TCGCGCGACTGCATGTGTAGGCACGCCGCCAGC
>A11.2.3.5
GAGGTAGCAATACTTTGGTGGCGACCGGCAGACGGGTGAGTAACGCGTATGCAACCTACC
CTGTACAGGGGGATAACCCGGAGAAATTCGGACTAATATCCCATAATATTATTGGAAGGC
ATCTTTTGATAATTAAAGTTCCGGCGGTACGGGATGGGCATGCGTAACATTAGCTGGTTG
GTAAGGTAACGGCTTACCAAGGCTTTGATGTTTAGGGGTCCTGAGAGGGTGGTCCCCCAC
ACTGGTACTGAGACACGGACCAGACTCCTACGGGAGGCAGCAGTGAGGAATATTGGTCAA
TGGGCGCAAGCCTGAACCAGCCATCCCGCGTGCAGGAAGACGGCCCTATGGGTTGTAAAC
TGCTTTTCCGAAAGGCGAAACTCAGCGACGTGTCGTTGATTGACGGTATTTCGGAAATAA
GCATCGGCTAACTCCGTGCCAGCAGCCCCGG
>A12.1.3
CACCTGCAAGTCAACGGGATGGGAGCTGCTCCCATGAGAGTGGCGCACGGGTGAGTAACG
CGTATGCACCTACCTTTAACAGAGGGATAGCCCATAGAAATGTGGATTAATACCTCGTAG
TTCTGAGAAGCCGCATGGTTTTTCAGATAAAGCTCCGGCGGTTAAAGATGGGCATGCGTG
ACATTAGCTATTTGGTAGGGTAACGGCTTACCAAGGCTACGATGTCTAGGGGTTCTGAGA
GGATGATCCCCCACACTGGTACTGAGACACGGACCAGACTCCTACGGGAGGCAGCAGTGA
GGAATATTGGTCAATGGGCGCAAGCCTGAACCAGCCATCCCGCGTGAAGGATGAAGGTCC
TATGGATTGTAAACTTCTTTTATCCCCAGAAAAACTCCCCGTGTGGGAGCCCGACGGTAG
TGTATGA
>A12.1.4
TTACAACCCGAAGGCCTTCTTCACCCACGCGGCATGGCTGGATCGGCTTTCCGCCCTTGA
TCCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTG
GCTGATCGTTCCTCTCGACCAGCCTACCGATCGTTTCTTTCTTGGTGAGCCGTTACCTCA
CCACTAGGATTNTNTCGGCCGCGGGCCGTTCCAGGCGCCCGAAGGCTTTTAAGCCCGTAG
CCTTATGCCGGTATTACCCCCGAAGTTTTCCTCGG
>A12.1.5
AGAGTTTGATCCTGGCTCAGAATCAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAAC
GCGAAAGTGGAGCAATCCATGAGTAGAGTGGCAAACGGGTGAGTAACGCGTGGGTGACCT
ACCTTCGAATGGGGGATAACGTCCCGAAAGGGACGCTAATACCGCATAACATCCTGCCTT
TGAACAGGTGGAGATCAAAGCCGGGGATCGCAAGACCTGGCGTTTGGAGAGGGGCCCGCG
TCTGATTAGCTAGTTGGTGAGGTAACGGCCCACCAAGGCGACGATCAGTATCCGGCCTGA
GAGGGCGGACGGACACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGT
GGGGAATTGTTCGCAATGGGCGCAAGCCTGACGACGCAACGCCGCGTGGAGGATGAAGGT
CTTCGGATTGTAAACTCCTGTTGCCAGGGACGAAAAGCTCCGACCTAACACGTCGGAGTC
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TGACGGTACCTGGTGAGGAAGCCCCGGCTAACTCTGTGCCAGCAGCCCCGG
>A12.2.1
CCAACTAAAAGAGTTTACAACCCGAAGGCCTTCATCACTCACGCGGCGTTGCTGCATCAG
ACTTTCGTCCATTGTGCAAAATTCCTAACTGCTGCCTCCCGTAGGAGTCTGGTCCGTGTT
TCAGTACCAGTGTGGCTGATCATCCTCTCAGACCAGCTACCCATCGTTGCTCTTGGTGGG
CTTTTACTCCGCCAACTAGCTAATGGGATTTAGACTGCTCCAATCGCGCCTTACGGCTTT
ACCGACTGAGACCGCAGTCTCTGCCGGATTATTCGGTATTAGCCAAACTTTCGTCTGGTT
ATCCCCAGCGATAGGGTACATTATCTAAATATTACTCACCCGTGCGCCACTTTACTCATC
CCGAAGGACTTTCACGTTCGACTTGCATGTCTTANGCACGCCGCCAGCGTTAATTCTGAG
CCAGGATCAAACTCT
>A12.2.2
ACCGGGCGCGGCCAGAGTTAGCCGGGGCTTCCTCACCCGGTACCGTCAGACTCCGACGTG
TTAGGTCGGAGTGTTTCGTCCCGGGCAACAAGGAGTTTACAATCCGAAGACCTTCATCCT
CCACGCGGCGTTGCTGCGTCAGGGTTTCCCCCATTGCGCAAAATTCCCCACTGCTGCCTC
CCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCCGTCCGTCCTCTCTTTATCCGG
CTACCGATCGTCGCCTTGGTGGGCTCTTACCCCGCCAACCAGCTAATCGGGCGCGGGCCC
CTCTTCCAGCTGTCTTTCGACATTTCCCTCTCAAGATCGCTCCCGAGAGCTCATGCGGTC
TTAGCTCCAGTTTCCCGGAGTTATCCCCCTCTGGAAGGCAGGTCACCCACGTGTTACTCA
CCCGTCCGCCACTCTACTCGGCCCCCGAAAGGGCCTTTCGCGTTCAACTTGCATGTGTTA
GGCACGCCGCCAGCGTTGATTCTGAGCCAGGATCAAACTCT
>A12.2.3
GATGAACGCTAGCGGAGCTTAACACATGCAAGTCGTGGGGCAGCACAGGTAGCAATACTG
GGTGGCGAACCGGCGCACGGGTGAGTAACGCGTATGCAACCTGCCCTGTACAGGGGGATA
AGCCCGGAGAAATTCGGATTAATACCCCATAAAGATATGAGAAGGCATCTTTTTATATTT
AAAGTTTCGGCGGTACGGGATGGGCATGCGTGACATTATTTCTAGTTGGCAGGGTAACGG
CCTAACCAAGGCTTCGATGTCTAGGGGTCCTGAGAGGGTGATCCCCCACACTGGATACTG
AGACACGGACCAGACTCCATACGGGAGGCATCAGTGAGGAATATTGGTCAATGGGCGCAA
GCCTGAACCCAACCCATCCCGCGTGCAAGAAGAACGCGCTATGCGTCGTAAACTGCTTTT
GCAGGGGAAGAAAATCCCGTACGTGTACGGGACTGACCGTACCCTGTGAATAAGCATCGG
CTAACTCCGTGCCGGCAACCCCGGT
>A12.2.5
AGCAGTTTACACCCGAAAGGCCCTTCTTCCCCTGCACCGCGGCATTGCTGGATCNGGCTT
GCCGCCCCATTGTCCNTTTCCCCNCTGCTGGCCTCCCGTAGGGAGTCTGGGCCGTGTCTC
AGTCCCCNGTTGTGGCTGGTCTGTTTTTCTCGACCNCCTCAGATCGTCGCCTTGGGTGAG
CCTTTCCCCCACCACTACCTTATCTGACATCGGCCGCTCCATCCGCCGCGAAGGCCTTAC
GGTCCCCGCTTTCATCC
>A12.3.1
TTCTTTCCCTCTGTCANAGCTTAACGACCCTTTGAGCCTTCATCACTCACGCGGCGTTGC
TGCGTCAGGGTTTCCCCCATTGCGCAAAATTCCCCACTGCTGCCTCCCGTAGGAGTCTGG
ACCGTGTCTCAGTTCCAGTGTGGCTGATCNTTCTCTTTGACCAGCTAACCATCGTCGCCT
TGGTAGGCCTTTACCCTACCAACTAGCTANTGGTACGCAGACTCATCTGATGACAGAAGG
CCCGAAGGTCCCCCCCTTTTCCCGCCGAGTCAAGGACTCCGTGGGCTTATCCGGTATAGC
ACCCCTTTCGAAGTGTTATCCCGAATCATCGGGCAGATTTTCTACGCTTTACTCCCCCGT
GCGCCACTTTCTTAAAAAGCAAGCTCTCTATTCACGTTCGACTTGC
>A12.3.2
ACCGGGGACTGCTGGACACAAGAGTTAGACCGGGGACTTCTTCCAACCGGTAACCGTCAT
TATCGTCCCGGTCGAAAGGAGTTTAACGTCCCAAGGGAACTTCATACCTCCACGAGGCGT
TGCTGACGTTAGGGGTTTCCCCCATTGAGCAAAATTCACCCAACTGACTGACCTACCCGT
AGGGAAGTTCTGGGAACCGGTGTTTTCAAGTTTCCAGTTGTTGGGGCCGTGACGACCCTC
TCAGGACCGGCTGCCGATCATTGACCTTGGTGGGACCGTTACCCCGCCAAACTAGCTAAT
TCGGCCGCGAACCCCCTCTACCATNGAGTTGCCCCTTTGATCCCGCGGGAGTTTCACCCA
TGGATATTATGCGGTATTAGACCCCGGTTTCCCGAGGTTATTCCCCCAATGGAAGGTAGG
TTGGTCACGTGTTACTCACCCGTTCGCCACT
>A12.3.4
ACCGGGGCTGCTGGCACAGAGTTAGCCGGTGCTTTTTCTGTGGGGTAGGTCAAGACCCCG
GGGTGTTATCCCTAGGCTTTTCATCCCCACTAAAAGTGCTTTACAAACCCGCAGGCCTTC
TTCACACACGACGGCGTCGCTGGATCAGGGTTGCCCCCATTGTCCAATATTCCCCACTGC
TGCCTCCCGTAAGAGTCTGGGCCGTGTCGCAGTCCCAGTGTGGCTGGTCGTCCTCTCTAT
TACCAGCTACGGATTGTCGCCTTGGTAGGCCGTTACCCTACCAACTAGACTAATCCGACT
TGGGCTCATCCAATGGCGCGAGGCCTTACGGTCCCCCGCTTTCCCCCGAAAGGGCGTATG
CGGAATTAGCCAATCTTTCGACTGGTAATTCCCCACTACTGGGTAGATTCCCAAGCGTTA
CTCACCCGTCCGCCGCTCGTCAGCATGTATTGCTACACCTGTTACCGCTCGACTTGCATG
TGTTAGGCACGCCGCCAGCGTTCAATCTGAGCCAGGATCCAAC
>A13.1.8
GAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCCTTACACATGCAAGTCGAGCG
GCAGCGCGGGGGCAACCCTGGCGGCGAGCGGCGAACGGGTGAGTAATGCATCGGAACGTG
TCCTCTTGTGGGGATAACCAGTCGAAAGACTGGCTAATACCGCATGAGATCGAAAGATGA
AAGCAGGGGACCGCAAGGCCTTGCGCGAGAGGAGCGGCCGATGCCGGATTAGCTAGTTGG
TGGGGTAAAAGCCTACCAAGGCGACGATCCGTAGCTGGTCTGAGAGGACGACCAGCCACA
CTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAAT
GGGGGCAACCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCA
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CTTTCGGCCGGAACGAAATCGCGCGGATTAATAAGTCGCGTGGATGACGGTACCGGAAGA
AGAAGCACCGGCTAACTACGTGCCAGCAGCCCCGGT
>A13.2.5
ACCGGGGCTGCTGGCACGTAGTTGGCCGATCCTTATTCGCAGGGTACGGTCAATTCCCGG
TGAACGGGAACATTCATCCCCTGCAAAAGAGGTTTACATCCTAACGGACTTCATCCCTCA
CGCGGCGTCGCTGCGTCAGCCTTTCGGCCATTGCGCAATATTCCTCACTGCTGCCTCCCG
TAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGATCATCCTCTCAGACCTTTTTCT
ACCCATCGCAGGCTTGGTGAGCCGTTACCTCACCAACTACCTAATGGGACGCAGGCCCAT
CTATTGGCACCCTTGCGGGCTTTTTAAAACAAACATCATCATGCGATGCCGCTGCATTAT
CGGGTATTAGTTCAGCTTTTCGCTGAGTTATTCCCGTCCCATAAGCAGGTTGCCTACGCC
TTACTCACCCGTGCCCCAGTTTACTCGGGATATTGCTAACCCTTTCTCCTTGAACTGCAT
GTGTTAAGCCCGCCGCCAGCGTTCGTTCTGAGCCAGGATCAA
>A13.2.6
AGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAAC
GGGACCCGCAAGGGTTCAGTGGCGAACGGGTGCGTAACACGTGAAGAATTTGTCCAACGG
CGGGGGATAGCCGGCCCAACGGCCGGGTAATACCGCGTACGACCTTTGAGGGGCATCCCT
CGATGGTGAAAGCCGCAAGGCGCCGATGGAGAACTTCGCGGCCTATCAGCTAGTTGGTGA
GGTCATGGCTCACCAAGGCGACGACGGGTAGCTGGTCCGAGAGGATGACCAGCCACATTG
GGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCGCAATGGG
CGAAAGCCTGACGCAGCGACGCCGCGTGTGGGATGACGGCCTTCGGGTTGTAAACCACTG
TCGCGAGGGACGAAGATCTGACGGTACCTCGAAAAGAAGCAACGGCTAACTCTGTGCCAG
CAAGCCCCGG
>A13.2.7
AGAGTTTGATCCTGGCTCAGAATCAACGCTGGCGGCATGCCTAACACATGCAAGTCGAAC
GCGAAAGTGGCTTCGGCCGCGAGTAGAGTGGCAAACGGGTGAGTAACACGTGGGTGACCT
GCCTTCGAGTGGGGGATAACGTCTCGAAAGGGACGCTAATACCGCATAACATCCTGCCTT
TGAACAGGCGGAGATCAAAGCCGGGGACCGCAAGGCCTGGCGCTTGAAGAGGGGCCCGCG
CCGGATTAGCTAGTTGGTGAGGTAACGGCCCACCAAGGCGACGATCCGTAGCCCGGCCTG
AGAGGGCGGACGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAG
TGGGGAATTGTTCGCAATGGGCGCAAGCCTGACGACGCAATGCCGCGTGGAGGATGAAGA
TCTTCGGATCGTAAACTCCTGTCGAGCAGGACGAA
>A13.2.8
GGCTGCTGGCACGAGTAGCCCGCGCTTCCTTTGGAGGTACGTCAGGCAGCGGAAGTGTTT
CCACCGCTGCTGTTCTTCCCTCCCGACAGCAGTTTACGACCCGAGGGCCTTCATCCTGCA
CGCGGCGTTGCTGGGTCAGGCTTTCGCCCATTGCCCAAAATTCCCCACTGCTGCCTCCCG
TAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGATCATCCTCTCAGACCAGCTACC
CATCATTGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGGGCCGCGGGCCCATCCT
CGAGCGATAGCTTGCAAGCAGAGGCCATCTTTCTCCAAGAAGTCCGAAAACCTCAAGGCC
GAATCTGGTATTAGCCCGGGTTTCCCTGGGTTGTCCCAGTC
>A13.3.1
ACCGGGGCTGCTGGCACAAGTTAGCCGGGGCTTATTCTTGCGGTACCGTCATTATCTTCC
CGCACAAAAGAGCTTTAACAACCCTAGGGCCTTCATCACTCACGCGGCATGGCTGGATCA
GGCTTGCGCCCATTGTCCAATATTCCCCACTGCTGCCTCCCGTAGGAGTTTGGGCCGTGT
CTCAGTCCCAATGTGGCTGATCATCCTCTCAGACCAGCCTAACTGATCGTCGCCTTTTTG
TGAAGCCGGTTACCCTCACCCAAACTAAGCCTAATCAGGAACGCCGGGGCCCGAATCCTT
TTCGGCCGAATAAATTCTTTCCCCCGGTAAGGGCTTATTCGGTAATTAGCCACAAGTTTC
CCTGTGTTGTTCCGAACCAAAAGGTACGTTCCCACGCGTTACTCCCCCGTCTGCCGCTGA
CGTATTGCTACGCCCGCTCGACTTGCATGTGTTAAGCCTGCCGCCAGCGTTCGCTCTGAG
CCAGGATCAAACTCT
>A13.3.4
ACCGGGGCTGCTGGCACAGAGTTAGCCGGTGCTTCCTTTGGAGGTACCGTCATTGATTTC
GTCCCTCCCGACAGTGGTTTACAACCCGAAGGCCGTCATCCCACACGCGGCGTCGCTGCG
TCAGGCTTTCGCCCATTGCGCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCG
TGTCTCAAGTCCCAATGTGGCTGGTCATCCTCTCGGACCAGCTACCCGTCGTAGCCTTGG
TGAGCCATTACCTCACCAACTAGCTGATAGGCCGCGAAGTTCTCCATCGGCGCCTTGCGG
CTTTCACCTCTAGGGGATGCCCCCCGAAGGTCGTACGCGGTATTACCCGGCCGTTGGGCC
GGCTATCCCCCGCCGTTGGACAATTCTTCACGTGTTACGCACCCGTTCGCCACTGGGTAT
TGCTACCCCGTGCGACTTGCTTGTGTTAAGCACGCCGCCAGCGTTCGTCCTGAGCCAGGA
TCCAAC
>A13.3.7
AGAGTTTGATCCTGGCTCAGAACGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAAC
GAGAAAGAGGCTTCGGCCCTGAGTAAAGTGGCGCACGGGTGAGTAACACGTAGGTAACCT
GCCTCTAAGACTGGGATAACCTGTCGAAAGACGGGCTAATACCAAATAAGACCACGGTCT
CTTCGGAGATTGAGGTCAAAGGTAGCCTCTATTTATATGCTATCGCTTAGAGATGGGCCT
GCGCACCATTAGCTAGTTGGTAGGGTAAGAGCCTACCAAGGCAAAGATGGTTAGCTGGTC
TGAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGC
AGTGGGGAATATTGCGCAATGGGCGAAAGCCTGACGCAGCAACGCCGCGTGAGTGATGAA
GGCCTTCGGGTCGTAAAGCTCTGTCGGAGGGAACGAATGCTCTTGAGGTAANAGCCTTAA
GAAGTGACGGTACCCTCAAAGAAGCACGGCTAACTCTGTGCCAGCAGCCGCGGT
>A13.3.8
ACCGGGGCTGCTGGCACGTAGTTAGCCGGGGCTTCTTCTGGAGGTACCGTCACCCTCTGG
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GCTATTCACCCGAGTAGCTTCGTCCCTCCTGAAAGCGGTTTACAACCCTAAGGCCTTCTT
CCCGCACGCGGCGTCGCTGCGTCAGGCTTTCGCCCATTGCGCAAGATTCCCCACTGCTGC
CTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGATCGTCCTCTCAGACCA
GCTACCGATCGTTGCCTTGGTGGGCCGTTACCCCGCCAACAAGCTAATCGGCCGCGGGCC
CGTCCCTGGTCGGAGGCCGAAGCTACCTTTCCTCTCGAGCCCGTAAGCTCGAGGGGCCAT
CCGGTATTGATCCGAGTTTCCCCGGGCTATCCCGGAACCAGAGGTGGGTTACCCACGTGT
TACTCACCCGTTCGCCGCTTTCAGGGTCCCGAAGGACCTTTCGTCGCTCGACTTGCATGT
GTTAGGCGCGCCGCCAGCGTTCGTCCTGAGCCAGGTCAAACTCT
>A21.2.1.1
GTTTGATCCTGGCTCAGAGCGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAGCGCG
TGTAGCAATACACGAGCGGCAGACGGGAGAGTAACACGTGGGAACGTGCCCTTCAGTTCG
GAACAACCCAGGGAAACTTGGGCTAATACCGGATACGCCCGCAAGGGGAAAGATTTATCG
CCGAAGGAGCGGCCCGCGTTGGATTAGCTAGTTGGTGGGGTAAAAGCCTACCAAGGCGAC
GATCCATAGCTGGTTTGAGAGAACGACCAGCCACACTGGGACTGAGACACGGCCCAGACT
CCTACGGGAGGCAGCAGTGGGGAATCTTGGACAATGGGGGAAACCCTGATCCAGCCATGC
CGCGTGAGTGATGAAGGCCCTAGGGTTGTAAAACTCTTTCGGCGGGGACGATAATGACGG
TACCCGCAGAAGAAGCTCCGGCTAACTTCGTGCCAGCAGCCGCGGT
>A21.2.1.2
ACCGGGGCTGCTGGCACAGAGTTAGCCGGTGCTTCCTTTGAGGGTACCGTCACTTCCCGG
GGCTGTTAACCCCGAAAACATTCGTTCCCCCCGACAGAGCTTTACGACCCGAGGGCCTTC
ATCACTCACGCGGCGTTGCTGCGTCAGGCTTTCGCCCATTGCGCAATATTCCCCACTGCT
GCCTCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGATCATCCTCTCAGAC
CAGCTAACCATCTTTGCCTTGGTGGGCCATTAACCCACCAACTAGCTAATGGTGCCCGGG
CCCATCTCTAAGTGATTGCTTATAAATAGAAGCTACCTTTGAACCCTGTTCCCTCCGGAA
CTGTGGTCTTATTCGGTATTAACTCGTCTTTCGACAAGTTGTTCCCGTCTTAGAAGCCGG
TTAACCACGTATTACTCACACGTGCGCCCATTTAAATCGGAACCGAAGCCCCTTTCTCGT
TCGAACTGCATGTGTAAGCCCAGCCGCCAACGTTTGGTCCTGAGACCAGGATCAAAC
>A21.2.1.3
ACCGGGGCTGCTGGCACGGAGTTAGCCGGAGCTTACAAACGGTACCGTCATCGCTGGTGA
TGTTCACACCAACTTATTCTTCCCGTTCTTGCGAAGTTTACATCCCGAAGGATTTCATCC
TTCACGCGGCGTTGCTGGGTCAGGCTTTCGCCCATTGCCCAAAATTCCCGACTGCTGCCT
CCCGTAGGAGTCTGACCCGTATGTCAGTGTCAGTGTGGCCGACCGCCCTCTCAGGCCGGC
TACGGATCATCGCCTTGGTAAGCCGTTACCTTACCAACTAGCTAATCCGCCGCAGGCTCC
TCTTCAGACGCGAGGTCTTGCGATCCCCCCGCNTTTAACAACTGTCACCATTAGGTGCCG
CTGCATTATGCGGTATTAGCACCGTTCCGGTTGTTATCCCCATCCGAAGGTAGATTACCT
ACGTGTTACTCACCC
>A21.2.2.1
ACCGGGGCTGCTGGCACGAAGTTAGCCGTGGCTTATTCGCCTGGTACATTCACGTCCCGT
ATTTCTACGGTACTCTTATTCCCAGACAAAAGAAGTTTACAATCCGAAGACCTTCATCCT
TCACGCGGCGTCGCTGGATCAGGGTTGCCCCTATTGTCCAAGATTCCTCACTGCTGCCTC
CCGTAGGAGTCTGACCCGTGTCTCAGTGTCAGTGTGACCGGTCGCCCTTTCAGGCCGGTT
ACCCGTTGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGCTGATAGGCCGCAGACCCGT
CTCTCAGCCATCCTTGCGGATGTTTCATCACAGACCGATGCCGGCCCGTGATCGTACGGG
GTATTACCTCGCCTTTCGGCGAGCTATCCCCCTCTAAGAGGAAGGTTGTCTACGTGTCAC
TCACCCGTCTGCCGCTAAGCACTTACTGTATTGCTACAGCAGTAACTTCGCTCGACTGNA
TGTGTTANGCACGCCGCCAGCGTCACTCTGAGCCAGGATCAAACTCT
>A21.2.2.2
ACCGGGGCTGCTGGCACAGAGTTAGCCGGTGCTTCTTCTATGGGTTACGTCAAGACCCCG
AGGTATTAACTCGAGGCTTTTCTTCCCCACCGAAAGGGCTTTACAACCCGCAGGCCTTCT
TCACCCACGCGGCGTCGCTGGATCAGGCTTTCGCCCATTGTCCAATATTCCCCACTGCTG
CCTCCCGTAGGAGTCCGGACCGTGTCTCAGTTCCGGTGTGACTGGTCGTCCTCTCAGACC
AGTTACGGATCGTCGCCTTGGTAGGCCGTTACCCTACCAACTAGCTAATCCGACTTGGGC
TCATCTGTTAGCGCCAAGCCTTGCGGTTCCCCGCTTTTCACCGTAATGCGTATGCCGTAT
AAGACCCGGGTTTCCCCGGGTTGTTCCCCACTACTGGGCAGATACCTAAGCATTACTCAC
CCGTTCGCCACTCGTCGCCAAGGTTCCCCCGCGTTACGCTCGACTGCATGTGT
>A21.2.2.5
ACCGGGGCTGCTGGCACAGAGTTAGCCGGGGCTTCCTCACCCGGTACCGTCAAACCTCGA
CGTGTTAGGTCGAGACATTTCGTCCCGGGCAACAGGAGTTTACAATCCGAAGACCTTCAT
CCTCCATGCGGCGTTGCGTCGTCAGGCTTGCGCCCATTGCGAACAATTCCCCACTGCTGC
CTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGTCCGCCCTCTCAGGCCG
GCTACCGATCGTCGCCTTGGTGGGCCGTTACCTCACCAACTAGCTAATCGGACGCGGGCC
CCTCTCCAAGCGCCAGGTCTTGCGATCCCCAGCTTTGATCTCCACCTGTTCAAAGGCAAG
ATGTCATGCGGTATTAGCGTTCCTTTCGGGACGTTATCCCCCACATCGAAAGTAGGTCAC
CCACGTGTTACTCACCCGTTCGCCACTCTACTCATGGATTGCTCACTTCGCGTTGACACT
GCATGTGGTAGGCCGCGCCAGCGTTGAT
>A21.2.3.1
ACCGGGGCTGCTGGCACGTAGTTAGCCGAGACTTATTCCTGAGATACTGTCCTTTCTCAT
CTCTCAGAAAAGTGCTTTACGACCCGAAGGCCTTCTTCGCACACGCGGCGTTGCTGCATC
AGGCTTTCGCCCATTGTGCAATATTCCCTACTGCTGCCACCCGTAGGTGTATGGACCGTG
TTTCAGTTCCATTGTGGGGGGTCACCCTCTAAGGTCCCCTACCCGTCGTAGCCTTGGTAA
GCCGTTACCTTACCAACTAGCTGATGGGACGCAGGCCCCTCCCAAAGCGCATTGCTGCTT
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TAGACATAGGTTTCTAAAACCCATGACCACATGCGGTATTAACAATCCTTTCGGACTGTT
ATCCCACACTTTGGGGCAAGTCACCAACGTTGTTTACTCCAACCCCGTTCCGCCCACCTA
AGATACTTTCGTATTGCTACAAAAGCACCTCGTTCGACATGCATGTATTA
>A21.2.3.2
ACCGGGGCTGCTGGCACAGAGTTAGCCGGTGCTTCCTTTGAAGGTACCGTCACCTCCCGA
GGCTGTTAACCTCAGGAGCATTCGTTCCTCCCGACAGAGCTTTACGACCCGAAGGCCTTC
ATCACTCACGCGGCGTTGCTGCGTCAGGCTTTCGCCCATTGCGCAATATTCCCCACTGCT
GCCTCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGATCATCCTCTCAGAC
CAGCTAACCATCTTTGCCTTGGTAGGCCGTTACCCTACCAACTAGCTAATGGTGCGCAGG
CCCATCTCTAAGTGATAGCTTGCAAGCAGAGGCTACCTTTGACCCCCGTTCCCGCGGGAA
CTGTGGTCTTATTCGGTATTAGCTCATCTTTCGACGAGTTATCCCAATCTTAGAGGCACG
TTACCCACGTGTTACTCACCCGTGCGCCACTTTACTCGGAGCCGAAGCCCCCTTCTCGTT
CGACTTGCATGTGTTAGGCACGCCGCCAGCGTTCGTTCTGAACAAGGATCAAACTCT
>A21.2.3.3
ACCGGGGCTGCTGGCACAGAGTTAGCCGGTGCTTCCTTTGAAGGTACCGTCACCTCCCGA
GGCTGTTAACCTCAGGAGCATTCGTTCCTCCCGACAGAGCTTTACGACCCGAAGGCCTTC
ATCACTCACGCGGCGTTGCTGCGTCAGGCTTTCGCCCATTGCGCAATATTCCCCACTGCT
GCCTCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGATCATCCTCTCAGAC
CAGCTAACCATCTTTGCCTTGGTAGGCCGTTACCCTACCAACTAGCTAATGGTGCGCACG
GCCCATCTCTAAGTGATAGCTTGCAAGCAGAAGCTACCTTTGACCCCTGTTCCCGCGGGA
ACTGTGGTCTTATTCGGTATTAGCTCATCTTTCGACGAGTTATCCCAATCTTAGAGGCAC
GTTACCCACGTGTTACTCACCCGTGCGCCACTTTACTCGGAGCCGAAGCCCCTTTCTCGT
TCGACTTGCATGTGTTAAGCACGCCGCCAGCGTTCGTTCTGAGCAAGGATCAAACTCT
>A22.2.2.1
ACCGGGGCTGCTGGCACGAAGTTAGCCGGTGCTTATTCTTTCGGTACCGTCATGACACCA
AGGTATTAGCCCAGTGCTTTTCTTCCCGAACAAAAGTGCTTTACAACCCGAAGGCCTTCT
TCACACACGCGGCATGGCTGGATCAGGGTTGCCCCCATTGTCCAATATTCCCCACTGCTG
CCTCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGATCATCCTCTCAGACC
AGCTACCGATCGTCGCCTTGGTGGGCCTTTACCCCGCCAACTAGCTAATCGGACATCGGC
TCATCCAATCGCGCGACAGCCTTGCGGTCCGCCGCTTTCAACCATAGTTCGTATGCGGTA
TTAGCGTTAGTTTCCCTACGTTATTCCCCACGAAAAGGTAGATTCCGATGTATTCCTCAC
CCGTTCGCCACTCGCCACCCACAGTATTGCTACTGCTGTGCTGGCGTTCGACATGCATGT
GTTAAGCCTGGCGGCAGCGTTCACTCTGAACCAGGATCAAACTCT
>A22.2.2.3
ACCGGGGCTGCTGGCACGTAGTTGGCCGGGGCTTCTTCTGCAGGTACCGTCAGTTTCGTC
CCTGCTGAAAGCGGTTTACGACCCTAGGGCCTTCATCCCGCACGCGGCGTCGCTGCGTCA
GACTTTCGTCCATTGCGCAAGATTCCTAGCTGCTGCCTCCCGTAGGAGTCTGGGCCGTGT
CTCAGTCCCAGTGTGGCTGGACATCCTCTCAGACCAGCTACCCGTCGTCGCCTTGGTGGG
CCGTCACCCCACCAACAAGCTGATAGGCCGCGAGGCCATCCCGAAGCGGAATCCATTTCT
TCGTCGGACCATGCGATCCGGCGAAGGCATCCGGTATTAGCACCAGTTTCCCGGCGTTAT
CCCGGTCTTCGGGGCAGGTTCCTCACGTGTTACTCACCCGTTCGCCACTCTCCACCCGGG
CAAGCCCGGGTTTCTCGTTCGACTTGCATGC
>A22.2.2.4
ACCGGGGCTGCTGGCACGAAGTTAGCCGTGGCTGCTTCTGGAGGTACCGTCCGAATGGGT
TACCCCATCCCATCTTCCCTCCCGAAAGGGGTTTACAATCCGAAGACCTTCATCCCCCAC
GCGGCGTCGCTGCGTCAGGCTTTCGCCCATTGCGCAATATTCCTTACTGCTGCCTCCCGT
AGGAGTCTGGCCCGTGTCGCAGTGCCAGTGTGGCTGATCATCCTCTCAGATCAGCTACCC
GTCGAAGCCTTGGTGAGCCGTTACCTCACCAACAAGCTGATAGGGCATGAGCCCATCCAA
GAGCGCGATACCCACGGTATCGCTTTCCTTCCCAAACCGCAGTCTGGGAAGCGTACGCGG
TATTAGCTAACCTTTCGGCTAGTAATTCCCCACTCGAGGGTAGGTTACCCATGTA
>A22.2.3.1
ACCGGGGCTGCTGGCACGTAGTTAGCCGGGACTTCTTCTGCAGGTACCGTCAGTTTCCCT
TCGTCCCTGCCGAAAGGGGTTTACAACCCGAGGGCCTTCATCCCCCACGCGGCGTCGCTG
CGTCACGCTTTCGCGCATTAGCGCAAGATCCCCCACTGCTGCCTCCCGTAGGAGTCTGGG
CCGTGTCTCAGTCCCAGTGTGGCTGGCCGTCCTCTCAGACCAGCTACCCGTCGTCGCCTT
GGTGGGCCGTTACCCCACCAACAAGCTGATAGGCCGCGGGCCCATCCCGGACCGTCGGAG
CTTTCCCGGCGCGACCATGCGATCACGCCGGAGTATCCGGTATTAGCTCAGGTTTCCCTG
GGTTATCCCGGTGTCCGGGGCAAGTTGCCCACGTGTTACTCACCCGTTCGCCGCTCTCCC
CTCAGAAGGGTTACCCCTCCTGAGGTTCCCGCTCGACTTGCATGTGTTANGCACGCCGCC
AGCGTTCGTCCTGAGCCAAGATCA
>A22.2.3.3
ACCGGGGCTGCTGGCACGGAGTTAGCCGGGGCTTCCTCGTAGGGTACCGTCAACGGCCGA
GGATATTAGCCTCGACCGCTTTCGTCCCCTCCGACAGAAGTTTACAACCCGAAGGTCTTC
GTCCTTCACGCGGCGTTGCTTGTTCAGGGTTTCCCCCATTGACAAAAATTCCCCACTGCT
GCCTCCCGTAAAGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGACCGTCCTCTCAAA
CCAGCTACCCGTCTTAAGCTTGGTAAGCCATTACCCCACCAACTACCTGATGGGCGCAAG
CTCATCCTC
>A22.2.3.4
ACCGGGGCTGCTGGCACGTAGTTAGCCGGGTGCTTCTTCTTCCGGTAACCGTCATCCACC
GGGGATGTTCTCCCCGGCGATTTCGTTCCGGCCGAAAGCGGTTTACAACCCGAAGGCCTT
CTTCCCGCACGCGGCATGGCTGGATCAGGGTTGCCCCCATTGTCCAAAATTCCCCCACTG
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CTGCCTCCCGTTAGAGAGTCTGGGCCGTGTCTCAGTCCAGTGTGGCTGGTCGTCCTCTCC
AGAACCAGCTACCGATCGTTGCCTTGGTGGGCCGTTACCCACCAAC
>A23.2.1.3
ACCGGGGCTGCTGGCACAGAGTTAGCCGGTGCTTCCTCTCGAGGTACCGTCATCGGAACG
GGATGTTAGCCCGCCCCTTATTCGTCCCTCGCGACAGTGCTTTACGATCCGAAGACCTTC
ATCACACACGCGGCGTTGCTGCGTCAGGCTTTCGCCCATTGCGCAAGATTCCCCACTGCT
GCCTCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGATCGTCCTCTCAGAC
CAGCTACCCGTCGTAGCCTTGGTGGGCCATTACCCCGCCAACGAGCTGATGGGCCGCGGG
CTCATCCTAGAGTGATAGCTTGTATACAGAGGCCACCTTTTCCCGCAGGAGCCGAGGCTC
CCGTGGTCTCATCCGGCATTAGCACGCCTTTCGGCGAGTTATTCCGGACTCTAGGGCAGA
TTACCCACGTGTTACGCACCCGTGCGCCGCTTTACTCACCCTTGCGGGCTTTCTCGCTCG
ACTTGCATGTGTTAGGCACGCCGCCAGCGTTCGTTCTGAGCCAAGATCAAACTCT
>A23.2.1.4
AGAGTTTGATCCTGGCTCAGCCTGAACGCTGGCGGCGTGGCTAAGACATGCAAGTCGAAC
GGGCCTAGCAATAGGTCAGTGGCGGACGGGTGAGTAATGTATCGCTAACGTACCCTTCAG
ACGGGGATAGCCATCCGAAAGGATGGGTAATACCCGGTGAAATATCCTGGTCGCATGATT
GGGATCTCAGAGGCCGTAAGGCGCTGTTGGATCGGGCGATATTGCATCAGCTAGTTGGTG
AGGTAACGGCTCACCAAGGCGACAGACGCCTTGCCGGACTGAAAGGTTGTCCGGCCACAT
TGGGACTGAGACACTGCCCAGACTCCTACGGGGGGCTGCAGTAACCAATCTTCCACAATG
CACGAAAGTGTGATGGAGCCACGCCGCGTGTAAGACCAAGTTCTTCGGGATGTTAACTAC
TGTCAAGGGAAAGAAAGTTCTGATCTAACCCAGAAGAAAGGGACCGCGTAACTCTGTGCC
AGCAGCC
>A23.2.2
ACCGGGGCTGCTGGCACAGAGTTAGCCGGGGCTTCCTCACCCGGTACCGTCAGACTCCGA
CGTGTTAGGTCGGAGCGTTTCGTCCCGGGCAGCAGGAGTTTACAATCCGAAGACCTTCAT
CCTCCACGCGGCGTTGCGTCATCAGGCTTGCGCCCATTGTGAACAATTCCCCACTGCTGC
CTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGTCCGCCCTCTCAGGCCG
GCTACCGATCGTCGCCTTGGTGGGCCGTTAACCTCACCAACTAGCTAATCGGACGCGGGC
CCCTCTTCAAGCGCCAGGTCTTGCGATCCCCGGCTTTGATCTCCACCCATTCAAAAGCAA
GATGTCATGCGGTATTAGCGTTCCTTTCGGGACGTTATCCCCCACTCGCAAGGTAAGTCA
CCCACGCGCTTACTCACCCGGTTTGCCACCTCTACTCATGGAATTGCTCCACATTTCGCG
TTTCGACTTGCATGTGTTAAGCACGCCGCCAGCGCTGATTCTGAGCCAAGATCAAACTCT
>A23.2.3
GAGTTTGATCCTGGCTCAGAACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACG
GGGTCCTGGTTGGTGGCAACACCTTCCAGTACCTAGTGGCGAACGGGTGAGGAACACGTG
AGCAACCCACCCCGGACTCTGGGATAACAGCGGGAAACCGCTGCTAATACCGGATACCTT
CCTTCCGTCGCATGGCGGAGCGAAGAAAGGGTTACTGGTTCGGGACGGGCTCGCGGCCTA
TCAGCTTGTTGGTGGGGGTAACGGCCTACCAAGGCTTCGACGGGTAGCTGGTCTGAGAGG
ATGATCAGCCACACCTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGG
GAATCTTGCGC
>A23.2.5
AGAGTGTGATCCTGGGCTCACGAACGTAACGACTGGCGCGCGTGACTTAACAGCATGCAA
GTTCGCACGACGACGATAGGGAGGGGCAACTCATCCCGAGATAGAGTCGGCGAACGGGTG
ACTAAACGCATGGGCTAACCTGCCCCCCGGCGGGGGATAACTACTCGGAAAGGGTGGCTA
ATACCGCATGAGACCACGGGGGTCTTCGGATCCTGATGTCCAAACGTCGGCGCCGGTCTT
GCCGGCGCTGTCACCTGGGG
>A31.2.1.2
TGGCTCAGGATGAACGCTGGCGGCGTGCTAACACATGCAAGTCGAACGTGAGAGGGTAGC
AATATCTCTGAAAGTGGGCGCCACGGGTGAGTAAGACGTATGTAACCTGTCCCTGCAAGC
GGGGGATAACAGCTGGAAACGGCTGCTAACACCGCATACTAGCCGGGATGTCGGGAGACA
TTTTGGTGAAAACTCTGGTGCTTCAGGAGGGGCCTGCGTCCGATTAGCTAGTTGGCGGGG
TAAGAGCCCACCAACGCAGCGATCGGTAGCTGGTCTGAGAGGACGATCAGTCACACGGGA
ACTGAGACACGGTTCTGACTCCTACTGGGGGTCAGCAGTGACGAATATTGGGCAATGGGC
GCAAGCCTTACCCAGCAACTCCGCGTGGACGAAGACGACCTTCGGGTTGTAAACTCCTTT
TACCGGGGGAACAAGAATGACGGTAACCCGAGAA
>A31.2.1.4
AGAGTTTGATCCTGGCTCAGAACGAACGCTGGCGGCATGCCTAACACATGCAAGTCGAAC
GGACGGTCGCAAGGCCGTTAGTGGCGGACGGGTGCGTAACGCGTGGGAACCTGCCTTGAA
GTTCGGAATAACTGCGGGAAACTGCAGCTAATACCGGATGTGGCCTGAGGGCCAAAGGGG
AAACTCGCTTCAAGAGGGGCCCGCGTCCGATTAGCTAGTTGGCGGGGTAACGGCCCACCA
AGGCGATGATCGGTAGCTGGTCTGAGAGGACGACCAGCCACACTGGAACTGAGATACGGT
CCAGACTCCTACGGGTGGCAGCAGTGGGGAATCTTGGGCAATGGGCGAAAGCTTGACCCA
GCAACGCCGCGTGGGTGGTGAAAGCCTTCGGGTCGTAAAGC
>A31.2.2.2
ACCGGGGCTGCTGGCACGAAGTTAGCCGTCCCTTCCTCTTCTGGTACTATCAACCCTGTC
GACTATTCATCGCCAGGTCTTACTCCCAGATGACAGGAGTTTACAATCCGAAGACCGTCA
TCCTCCACGCGGCGTTGCACCATCAGGGTTGCCCCCATTGTGAATTATTCTCGACTGCTG
CCACCCGTAGGTGTCTGGACCGTGTCTCAGTTCCAGTGTGCCTGATCGTCCTCTCAGACC
AGGTACCCGTCGTAGACCTTGGTGAGCCATTACCTCACCAACAAGCTGATAGGGTGCGAA
CCAATCCTTCAGCGACAGCCTTGCGGCCACCTTTAATCTTGCGATACCATGGGGTATTAA
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TCCAAGTTTCCCTGGGCCATTCCCACTGAAAGGCATGTAATTCACATGTTACTCACCCGT
GCGCCACTAAACAAGAATCGTATAACCACTCAAACTTGTTCCCGTGCGACTTGGCATGTC
TTAAACACGCCGCCAGAGTTCGTTCTGAGCCAGGATCAAACTCT
>A31.2.2.3
AGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAAC
GGAAAGCGCTCTTCGGAGTGACTCGAGTGGCGAACGGGTGAGTAACACGTGGGTGATCTG
CCCTGCACTTTGGGATAAGCCTGGGAAACTGGGTCTAATACCGAATACACCTTGGTCAGC
TGCATGGTTGGTGGGGGAAAGCTTTTGCGGTGTGGGATGGGCCCGCGGCCTATCAGCTTG
TTGGTGGGGTGATGGCCTACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGTGTCCGGC
CACACTGGGACTGAGATACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCA
CAATGGGCGCAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAA
ACCTCTTTCAATAGGGACGAAGCGTAAGTGACGGTACCTATAGAAGAAGCACCGGCAACT
ACGTGCCGCAGCCCGGT
>A31.2.2.5
ACCGGGGCTGCTGGCACAGAGTTAGCCGTGCCTTCCTCTGGGGTTGATCAGAACTTTCTA
ACCCCTGACAGTGGTTTACATCCCGAAGGACTTCGTCCCACACGACGGCGTCGCTCCGTC
ACACTTTCGTGCATTGCGGAAGATTCGTTACTGCAGCCCCCCGTAGGAGTCTGGGCAGTG
TCTCAGTCCCAATGTGTCCGGACAACCTCTCAGCCCCGGAATACGCGTCGTCGCCTTGGT
GAGCCGTTACCTCACCAACTAGCTGATACGAAATTATCCGCCCTGCGCCCCAGAGTGCAT
TGGGCTGCCTTTGAGATCCCGGTCTTGCGACCAGGGCATTTCTTCGGGTATAACCGGCCT
TCGGCGGCTTCCCAGGCCCGGG
>A31.2.3.2
ACCGGGGCTGCTGGCACGGAATTAGCCGGGGCTTGCTTTGGGGGTACCGTCATCATCTTT
CCCCCAGGCAGAAGTTTACGACTCGAGAGCCTTCATCCTTCACGCGGCGTTGCTGCGTCA
GGCTTTCGCCCATTGCGCAAAATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGCCCGTGT
CTCAGTGCCAGTGTGGCTGATCATCCTCTCAGACCAGCTACCCATCGTCGCCTTGGTGGG
CCATTACCCCGCCAACTAGCTAATGGGCCGCAAGCTCATCTCAGACCGGTAAACCTTTCC
CCCCCAGGCATCACCCAAGGGACCTATCCGGTATTAGCACCCCTTTCGAGGTGTTATCCC
AGTGTCTGAGGCAGATTACTCACGTGTTACGCACCCGTTCGCCACTCTACTCAAGAGCCG
AGGCTCCCTTTCCCGTTCGACTTGCATGTGTTAAGCACGCCGCCAGCGTTCGTTCTGAGC
CAGGATCAAACTC
>A31.2.3.3
TCCTGGCTCAGGATAAACGCTGGCGGCGTGCATGAGACATGCAAGTCGAACGAACAACCC
GGGCTTGCCTGGGGCGTTAGTGGCGAACGGCTGAGTAACGCGTAGGTGACCTGCCCGGAA
GTGGGGAATAACTGCCCGAAAGGGTGGCTAATACCGCATGTGGCCACACGTTCATTCATG
TGACCAAAGCCGCAAGGCGCTTCCGGAGGGGCCTGCGTTCGATTAGCTCGTTGGTGGGGT
AACGGCTCACCAAGGCGACGATCGATAGGTGGTCTGAGAGGATGATCACCCAGACTGGGA
CTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTCGGGAATTTTGCTCAATGGGCGA
AAGCCTGAAGCAGCAACGCCGCGTGAAGGATGAAAGCCTTCGGGTTGTAACCTCTTTTCT
CAGG
>A32.2.1.1
GAGTTTGATCCTGGCTCAGAACGAACGCTGGCGGCAGGCTTAACACATGCAAGTCGAGCG
CCCCGCAAGGGGAGCGGCAGACGGGTGAGTAACGCGTGGGAATCTACCCAGCTCTACGGA
ACAACTCCGGGAAACTGGAGCTAATACCGTATACGTCCTTCGGGAGAAAGATTTATCGGA
GTTGGATGAGCCCGCGTTGGATTAGCTAGTTGGTGGGGTAATGGCCTACCAAGGCGACGA
TCCATAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCC
TACGAGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATCCAGCCATGCCG
CGTGAGTGATGAAGGCCCTAGGGTTGTAAAGCTCTTTCACCGGTGAAGATAATGACGGTA
ACCGGAGAAGAAGCCCCGGCTAACTCGTGCCAGCAGCCCCGGT
>A32.2.1.3
ACCGGGGCTGCTGGCACGTAGTTAGCCGGTGCTTATTCTGCAGGTACCGTCATTAACGAC
CCGTATTAGGAGTCGCCGTTTCGTTCCTGCCAAAAGCGGTTTACAACCCGAAGGCCTTCT
TCCCGCACGCGGCATGGCTGGATCAGGCTTGCGCCCATTGTCCAAAATTCCCCACTGCTG
CCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGGTCGTCCTCTCAGACC
AGCTACTGATCGTCGCCTTGGTGGGCTCTTACCCCGCCAACTAGCTAATCAGACATCGGC
CGCTCCAGTAGCGCGAGGCCTTACGGTCCCCCGCTTTCACCCATAGGTCGTATGCGGTAT
TAGCCCGGCTTTCGCCGGGTTATCCCCCACAACTGGGCACGTTCCGATGCATTACTCACC
CGTTCGCCACTCGCCACCAGGGTTGCCCCGTGCTGCCGTTCGACTTGCATGTGTAAGGC
>A32.2.1.4
GGGCTGCTGGCACGGAGTTAGCCGATCCTTATTTCTTACAGTACCGTCAAGGTTCTACAC
GTAGAACTGTTTCTTCCTGTACAAAAGCAGTTTACAATCCATAGGACCGTCATCCTGCAC
GCGGCATGGCTGGTTCAGGCTTGCGCCCATTGACCAATATTCCTCACTGCTGCCCTTCCC
GTAGGAGTCTGGTCCGTGTCTCAGTACCAGTGTGGGGGATCTCCCTCTCAGGACCCCTAC
CCATCGTTGCCTTGGTAAGCCCGTTACCTTACCAACAAGCTAATGGGACGCATGCTCATC
TTTTACCGTTGTGACTTTAATTATTAAATGATGCCATTCAATAATACTATGAGGTATTAA
TCCAAATTTCTCTGGGCTATCCCTCTGTAAAAGGTAGATTGCATACGCGT
>A32.2.2.1
AGAGTTTGATCCTGGCTCAGAATCAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAAC
GCGAAAGTCCCGCAAGGGATCAGTAGAGTGGCAAACGGGTGAGTAACGCGTGGGTGACCT
ACCTTCGAGTGGGGGATAACCTTCCGAAAGGAGGGCTAATACCGCATGACATCCCATGTT
TGGATACATGGACATCAAAGCCGGGGATCGCAAGACCTGGCGCTTGAAGAGGGGCCTGCG
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TCCGATTAGCTAGTTGGTGAGGTCACGGCTCACCAAGGCTTCGATCGGTATCCGGCCTGA
GAGGGCGGACGGACACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGT
GGGGAATTGTTCGCAATGGGCGCAAGCCTGACGACGCAACGCCGCGTGGAGGATGAAGAC
CTTCGGGTCGTAAACTCCTTTCGACCGAGATGAATAGTCTGCGACCTAACACGTTGCAGG
CCTGACAGTATCGAGGGAAGAAGCCCCGGCTAACTCCGTGCCAGCAGCCCCGGT
>A32.2.2.3
ACCGGGGCTGCTGGCACAGAGTTAGCCGGGGCTTCCTCACTCGGTACCGTCACACTCCAA
CGTATTGGGTTGGAGCCATTCGTCCCGAGCAACAGGAGTTTACAATCCGAAGACCTTCAT
CCTCCACGCGGCGTTGCGTCATCAGGCTTGCGCCCATTGTGAACAATTCCCCACTGCTGC
CTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGTCCGCCCTCTCAGGCCG
GCTACCGATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATCGGACGCGGGCC
CCTCATCAAGCGCCAGGTCTTGCGATCCCCGGCTTTGATCTCCATCCGTTCAAGGACAGG
ATGTTATGCGGTATTAGCGTCCCTTTCGGGACGTTATCCCCCACTCGAAGGTAGGTCACC
CACGTGTTACTCACCCGTTCGCCACTCAATTGAGGCCGAAGCCTCTCTCGCGTTCGACTG
CATGTGTTAGGCACGCCGCCAGCGTTGATTCTGAGCCAGGATCAAACTCT
>A32.2.2.4
ACCGGGGCTGCTGGCACGTAGTTAGTAGATGCTTATTCTCCCTGTCGCGATGACAAGGGC
AAAAGAGGTTTACACCCCGAAAGGCTTCATCCCTCACGCGGCGTCGCGCGATCAGACTTT
CGTCCATTGTCGACAATTCCTGGTTGCTGCCACCCGTAGGTGTATGGCCCGTATCTCAGT
GCCATTGTGGCTGGACAAGCTCTCACTCCAGCTACCCGTCATAGCCTTGGTAAGCCATTA
CCTTACCAACTAGCTGATAGGAGTAAGGCTCCTCCCAAAGCGGGCAGTTATGCCCTTTGT
CCTTGCGGAAATATGCAGGATTACCCCGTCTTTCGACGAGATGTCCTTCACTTTGGGGTA
GATTCCTTACCATTACTCACCCGTCTGCCATTGTCCCGACTTACGTCGGGACCATTCGAC
TTGCATGCCTAAGGCACGCCGCCAGCGTTTATCCTGAGCCAGGATCAAACTCTA
>A32.2.2.5
ACCGGGGCTGCTGGCACGTAGTTAGCCGGGGCTTATTCTTGGGGTACCGTCACATCCTTC
TTCCCCCAAAAAAGACCTTTACATCCCGAAGGACTTCATCAGTCACGCGGCGTCGCTGCG
TCAGGCTTTCGCCCATTGCGCAAGATTCCTAATTGCTGCCCCCCGTAGGAGTCTGGGCCG
TGTCTCAGTCCCAGTCCGGCTGACCATCCTCTCAGACCAGCTACCCGTCGTCGCCTTGGT
GGGCCGTTACCCACACCAACTAGCTGATAGGCCGCAAGCCCATCCTAAAGCACATTGCTG
TTTTAAATGTCACCACATGCGAAGAGACATCCACATCCGGTATTAATCCGCCTTTCGGCG
GGCTATCCCCGACTTTAGGGCAGGTTGCTTACGTGTTACGCGACCGTTCGCCGCTAGGCC
TTCGTCCGAAGACTAAACCTCGCTCGACTTGCATTTCTTAGGCACGCCGCAAGCGTTCGT
CCTGAGCCAGGATCAAACTCT
>A32.2.3.2
ACCGGGGCTGCTGGCACGTAGTTAGCCGGTGCTTATTCTGCAGGTACCGTCATTAACGCA
AGGTATTCGCTCGCGCCGTTTCGTTCCTGCCAAAAGCGGTTTACAACCCGAAGGCCTTCT
TCCCGCACGCGGCATGGCTGGATCAGGCTTGCGCCCATTGTCCAAAATTCCCCACTGCTG
CCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGGTCGTCCTCTCAGACC
AGCTACTGATCGTCGCCTTGGTGGGCTCTTACCCCGCCAACTAGCTAATCAGACATCGGC
CGCCTCCAGTAGCGCGAGGCCTTACGGTCCCCCGCTTTTCACCCGTAGGTCGTATGCGGT
ATTAGCCCGGCTTCGCCGGGTATCCCCACAACTGGGCACGTTCCGATGCATTACTCACCC
GTTCGCCACTCGCCACCAGGGTTGCCCCCGTGCCGCCGTTCGACTTGCATGTGTAAGGCA
TGCCGCCAGCGTTCAATCTGAGCCAAGATCAAACTCT
>A32.2.3.3
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCCTTACACATGCAAGTCGAAC
GGCAGCACGGGGGCAACCCTGGTGGCGAGTGGCGAACGGGTGAGTAATGCATCGGAACGT
GCCCAGTTGTGGGGGATAACCCGGCGAAAGCCGGGCTAATACCGCATACGACCTACGGGT
GAAAGCGGGGGACCGCAAGGCCTCGCGCTACTGGAGCGGCCGATGTCTGATTAGCTAGTT
GGCGGGGTAAGAGCCCACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGACGACCAGCCA
CACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACA
ATGGGCGCAAGCCTGATCCAGCCATGCCGCGTGCGGGAAGAAGGCCTTCGGGTTGTAACC
GCTTTGGGCAGGAACGAAACGGCGCGAGCGAATACCTCGCGTTAATGACGGTACCTGCAG
AATAAGCAACGGCTAACTACGTGCCAGCAGCCCCGG
>A32.2.3.4
ACCGGGGCTGCTGGCACGTAGTTAGCCGGTGCTTCTTCTGCTCCTACAGTCACCCGAAGG
CTTCGTCGGAGCTGAAAGAGGTTTACAACCCGAAGGCCGTCATCCCTCACGCGGCGTTGC
TGCGTCAGGCTTTCGCCCATTGCGCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGG
GCCGTGTCTCAGTCCCAGTGTGGCCGGTCGCCCTCTCAGGCCGGCTACCCGTCGTCGCCT
TGGTAGGCCGTTACCCCACCAACTAGCTGATAGGCCGCGAGTCCATCCCTGGCCGGAATC
CTTTCCACACGTAGACCATGCGGTCACGTGTTGTATCCGGTATTAGCCTCGGTTTCCCGG
GGTTATCCCGGAGCCAGGGGCAGGTTACCCACGTGTTACTCACCCGTTCGCCGCTCGAGT
GCCCCCGGAGGGGCCTTTCCGCTCGACTTGCATGTGTTAAGCACGCCGCCAGCGTTCGTC
>A33.2.1.2
GGCGGCGTGCTTAACACATGCAAGTGGAGCGACGAACCGGGCTTCGGCCCGGGGCAAAGC
CGCGAACGGGTGAGTATCACGTGGGTAACCTGCCCCGATGACTGGGACAACCCGAGGAAA
CTCGGGCTAATACCGGATGTGCCCCTCGCACTTCAGTGCGAGGAGGAAAGGAAGCTTCGG
CCTCCGCATCGGGATGGGCCCGCGGCCCATTAGCTTGTTGGTGAGGTAAAGGCTCACCAA
GGCCACGATGGGTAGCTGGTCTGAGAGGACGATCAGCCACACTGGGACTGAGACACGGCC
CAGACTCCTACGGGAGGCAGCAGTGGGGAATCTTGCGCAATGCGCGAAAGCGTGACGCAG
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CAACGCCGCGTGAGGGAATACAGCCTTCGGGTTGTAAAACTCTTTCAGGAGGGACGAAGG
TTCAGGCGCGAACAGCGTCCTGGACTGACGGTACCTCCAGAAGAAGCCCCGGCTAACTAC
GTGCCAGCAGCC
>A33.1.3
AGAGTTTGATCCTGGCTCAGAACGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAAC
GAGAAAGGGGCTTCGGCTCCGAGTAAAGTGGCGCACGGGTGAGTAACACGTGGGTAACCT
GCCTCTAAGATTGGGATAACTCGTCGAAAGATGAGCTAATACCGAATAAGACCACAGTTC
CTGCGGGAACAGGGGTCAAAGGTAGCCTCTGCTTGCAAGCTATCACTTAGAGATGGGCCT
GCGCACCATTAGCTAGTTGGTAAGGTAACGGCCTACCAAGGCCAAGATGGTTAGCTGGTC
TGAAAGGATGATCAGCCACACTGGAACTGAAACACGGTCCAAACTCCTACGGGAGGCAAC
AGTGGGGAATATTGCGCCATGGGCCAAAGCCTGACGCACAACGCCGCGTTAGTGATGAAA
GCCTTCGGGTTGTAAAGCTCTGTCTGGAAGAACCCAATGCTCCCGAAGGTTAACAGCCCT
CGGGAAGTTACGGTACCTTCAAAAGAAGCCCCGGCTAACTCTGTGCCA
>A33.2.1.4
AGAGTTTGATCCTGGCTCAGCCTGAACGCTGGCGGCGTGGCTAAGACATGCAAGTCGAAC
GGGTGTAGCAATACACCAGTGGCGGACGGGTGAGTAATGTATCGCTAACGTACCCTACAG
ACGGGGATAGCCATCCGAAAGGGTGGGTAATACCCGGTGATATATCCTGGTCGCATGATT
GGGATCTCATAGGCCGTAAGGCGCTGTTGGATCGGGCGATATTGCATCAGCTAGTTGGTG
AGAGTAACGGCTCACCAAGGCAACGACGCCTAGCCGGACTGAGAAGTTGTTCGGCCACAT
TGGGACTGAGACACTGCCCAGACTCCTACGGGGGGCTGCAGTAACGAATCTTCCACAATG
CACGAAAGTGTGATGGAACCACGCCGCGTGTAAGAACAAGTTCTTCGGGATGTTAACTAC
TGTCAGGGGTTAACAAGTTCTGAAGAGCCCCAGAAGAAAAGCAAAGCTAACTCTGTGCCA
ACAACCCGGT
>A33.2.2.1
AGAGTTTGATCCTGGACTCAGAACGAACGTTGGCGGCGTGGATTAGGCATGCAAGTCGAG
GGAAGCACGTTGCTGTAGACAATACAGCGACGTGACTGACCGGCGTAAGGGGCAGTAATG
CGTGGGTAACGTACCCCCGGGTTCCGGATAGTCAGCCGAAAGGCTGAGTAATACGGAGCG
ATGCCGCGAGAGGACATCCTCTTGCGTTCAAAAGGTTTACCGCCTGGGGAGCGGCTCACG
TCGTATTACCTTGTTGGTAGGGTGACGGCCTACCAAGGCTGAGATGCGTAGACGGGTGTG
AGAGCACGACCCGCGCCACTGGCACTGAGACACTGGCCAGACACCTACGGGTGGCTGCAG
TCGAGGATCTTCGGCAATGTGCGCAAGCATGACCGAGCGACGCCGCGTGTGGGATGAAGG
CCTTCGGGTTGTAAACCACTGTCGTGGGGG
>A33.2.2.5
ACCGGGGCTGCTGGCACGTAGTTAGCCGGTGCTTATTCCGCCGGTACCGTCAAGAACACC
CCGTATTAGGAGATGCCTTTTCTTTCCGGCTAAAAGCGGTTTACAACCCGAAGGCCTTCT
TCCCGCACGCGGCATGGCTGGATCAGGGTTGCCCCCATTGTCCAAAATTCCCCACTGCTG
CCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGATCATCCTCTCAGACC
AGCTACCGATCGTCGCCTTGGTGGGCCTTTACCCCGCCAACTAGCTAATCGGACATCGGC
CGCTCCCATAGCGTGAGGCCCTCTCAGGTCCCCCACTTTCCTCCGTAGAGCATATGCGGT
ATTAGCGCCGGTTTCCCGGCGTTATCCCCCACTACGGGGTACGTTCCGATGCATTACTCA
CCCGTTCGCCACTGAATGGCAAGTTGCCCACCAACCCGTTCAACTTGCATGTGTAAAGCA
TGC
>A33.2.3.1
ACCGGGGCTGCTGGCACGTAGTTAGCCGGGACTTCTTCTCCAGGTACCGTCACTTTCGCT
TCGTCCCTGGCGAAAGGGGTTTACGACCCGAGGGCCTTCATCCCCCACGCGGCGTCGCTG
CGTCACGCTTTCGCGCATTAGCGCAAGATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGG
CCGTGTCTCAGTCCCAGTGTGGCTGGTCGTCCTCTCAGACCAGCTACTGATCGTTGCCTT
GGTGGGCCGTTACCTCACCAACTAGCT
>A33.2.3.2
ACCGGGGCTGCTGGCACGTAGTTAGCCGGTGCTTATTCTGCAGGTACCGTCATTAACGCG
AGATATTCGCTCGCGCCGTTTCGTTCCTGCCAAAAGCGGTTTACAACCCGAAGGCCTTCT
TCCCGCACGCGGCATGGCTGGATCAGGCTTGCGCCCATTGTCCAAAATTCCCCACTGCTG
CCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGGTCGTCCTCTCAGACC
AGCTACTGATCGTCGCCTTGGTGGGCTTTTACCCCGCCAACTAGCTAATCAGACATCGGC
CGCTCCGATAGCGCGAGGCCGGTAAAGGTGCCCCGCTTTCACCCGTATGTCGTATGCCGT
ATTAACTAATCTTTCAACTAGTTATCCCCCACTACTGGGCACGTTCCGATGCATTACTCC
CCCGTTCGCCACTCGCCAACAGGGTTGCCCCCGTGCTGCCGTTCGACTTGCATGTGTAAA
GCATGCCCCCAGCGTTCAATCTGAACCAGGA
>A41.1.5
TTAGCGGCGGGCTTAACACATGCAAGTCGAACGAGAAGGTTCCCTTCGGGGGGCCGGACA
GTGGCGCACGGGTGAGTAACCGTAAGGCAATCTGCCCTCAGGAGGGGGACAACTGCCCGA
AAGGGGCAGCTAATACCGCATAAGACCACGGTGGCTCCGGCCGCAGTGGTAAAAAGGTGG
CCTCTGCTTGCAGGCTACCACCCTGAGGAATTTATTTCTGCGAAACCATCAGCTAAGTTG
GGGGGGTAAATGGCCCACCCAGGCGAAAGACGGTTAGCTGGTCTGAGAGGATGATCGGCC
ACACTGGCACTGAAACACGGGCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGAC
AATGGGCGAAAGCCTGATCCAGCCACGCCCCGCGGTGA
>A41.1.6
AGAGTTTGATCCTGGCTCAGAACGAACGCTGGCGGCGTACTTAACACATGCAAGTCGGAC
GAGAAAGGAGACTTCGGTCTCTGAGTAAAGTGGCGCACGGGTGCGTAACACGTAAGTAAT
CTACCCCGAACTCTGGGATAACGCTCCGAAAGGAGGGCTAATACCGGATAGGGTCCCCGA
GGTGTAGGCTGCGGGGGGAAAACGGGCCTCTGTTTCATGCTCGTGGTTTGGGATGAGCTT
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GCGGCCCATTAGCTTGTTGGCAGGGTAACGGCCTACCAAGGCTACGATGGGTAGCTGGTC
TGAGAGGATGATCAGCCACACTGGCACTGAGACACGGGCCAGACTCCTACGGGAGGCAGC
AGTGGGGAATTTTGCGCAATGGGCGAAAGCTTGACGCAGCAACGCCGCGTGAGTGATGAA
GGCCTTCGGGTCGTAAAGCTCTGTCGGGAGGAACGA
>A41.1.7
CGGCCCACGGGTCCGTAAGACGCGGGTGACCTATCCGTGAGGCGGGGATAACCCTTCGAA
AGAGGGGCTAATACCGGATGTGCCTACGGGCAGAGATCCCCGGGGGCAAAGGGTGCTCCT
TGATAGGGGCACGCCCTCATGGAGGGGCCCACGGCCTATCAGCTAGTTGGTAGGGTAACG
GCCTACCAAGGCGAAGACGGGTAGCTGGTCTGAGAGGATGGCCAGCCACACGGGGACTGA
GACACGGCCCCGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGGCAATGGGCGCAGCC
TGACCCAGCGACGCCGCGTGGGTGATGAAGGCCTTCGGGTCGTAAAGCCCTGTCGGGTGG
AAAGAATGAGGACTGGGCCAATAGCTAGTTCTGTGACGGTACACCGAAGAAGCACGGCAA
TCCGTGCAGCGCCCGGT
>A41.1.8
ACCGGGGCTGCTGGCACAGAGTTAGCCGTGGCTTCCTCCACCGGTACAGTCGATAGCCCG
ACGTATTGGGTCGGACTACTTTCGTCCCGGTCGACAGGAGTTTACAACCCGAAGATCTTC
ATCCTCCACGCGGCGTTGCGTCGTCAGGCTTGCGCCCATTGCGAACAATTCCCCACTGCT
GCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGTCCGTCCGCCCTCTCAGGC
CGGATACTGATCGTAGCCTTGGTGAGCCATTACCTCACCAACTAGCTAATCAGGCGCGGG
CCCCTCTTCAAGCGCTAGGTCTTGCGATCCCCAGCTTTGATCTCCGCCTCTCTAAAGGCA
GGATGTCATGCGGTATTAGCGTCCCTTTCGGGACGTTATCCCCCACTCGAAGGCAGGTCA
CCCACGTGTTACTCACCCGTTTGCCACTCTACTTACCCCTTGCGGGGCTTTCGCGTTCGA
CTTGCATGTGTTAAGCACGCCGCCAGCGTTGATTCTGAGCCAGGATCAAACTCT
>A41.2.4
AAAGAGGGGGCAACCTCCCCGAGGTAAGAAGCGGCGGAACGGGGGTGGAGTAAACCCGCC
GTGGGGTGAATCCTAACCCTCCGAAGTGGGGAAATTAAACCACCGGGAAACTGGTGCTAA
ANTACCGCCTTGACATCCCGGGGTCCGCATCCGGGAATCCAAGCCGGGGAACCGCCAGGC
CCTGGCGTTTGGNGAGGAGCCCCGCGTCCGATTAGCTAGTTGGCGGGGTAACCGGCCCAC
CAAGGCAACAATCGGTAGCCGGCCTGAGAGGGCGGACGGCCACACTGGGACTGAAACACG
GCCCAGACTCCTACGGGAGGCCGCCGTGGGGAA
>A41.2.6
ACCGGGGCTGCTGGCACAGAGTTAGCCGTCCCTTCCTCTTCCGCTACTATCAACCTGCGG
TGTATTATACCGCAGGCATTGTTCGCGAATGACAGGGGTTTACGGGCCGAAGCCATTCAT
CCCCCACGCGGCGTCGCTCCATCAGGGTTTCCCCCATTGTGAAAAATTCTCGACTGCTGC
CACCCGTAGGTGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGGTCGTCCTCTCAGACCA
GCTACCCGTCTTAGGCTTGGTGAGCCGTTACCTCACCAACTACCGTGATAGGCCGCGGGT
TCATCGTGAAGCGTCAGGCCTTTCGGTCCCCAACTTTGAAAATCAAGAGATGCCTCTCAA
TTGTCACATCCGGCATTAGCTCGCCTTTCAGCAAGTTATTCCAGACTTCACGGCAGATTA
CCCACGTGTTACGCACCCTTGCGCCACTCCGACTACGGAATATTGCTACCCCGTAATCAG
CGTTCGACTTGCATGTCTTATCCACGCCGCCAGCGTTCGTTCTGAGCCAGGATCAAACTC
T
>A41.2.7
ACCGGGGCTGCTGGCACGTAATTAGCCGTGGCTTCCTTTGAGGGTACCGTCATTATCGTT
CCCTCTGACAGAGCTTTACGACCCGAAGGCCTTCATCGCTCACGCGGCATCGCTGCGTCA
GGCTTTCGCCCATTGCGCAAAATTCTGAACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGT
CTCAGTCCCAGTCTGGCTGATCATCCTCTCAGACCAGCTACGCATCATCGCCATGGTGAG
CCGTTACCTCACCATCAAGCTAATACGCCGCAGGCCCCTCCACCGGTGGTAAACCTTTCA
ACCTTGCGGTGTTATCCGGTATTAGCGGCGCTTTCGCACCGTTATCCCGAGCCGGAGGGT
AGGTCCCTACGTGTTACTCAGCCGTTCGCCACTCTAGGGATTGCTCCTTGCCGTTCGACT
TGCATGTGTCAGACGTGCCGCCAGCGTTCATC
>A41.3.1
TTGATCCGCCTCAATTGAACGCTGGCGCTGCCTTACACTGCAGTCAACGCGAAAGGGGGC
AACCCCAAGTAGAGTGGCGAACGGGTGAGTAATACATCGGAACGTGCCCATTAGTGGGGG
ACAACCTCGAGAAATCGAGGCTAATACCGCATACGACCCACGGGTGAAAGCGGGGGACCG
CAAGGCCTCGCGCTATTGGAGCGGCCGATGTCCGATTAGCTTTTTGGCGGGGTAAGAGCC
CACCAAGGCGACGATCGGTAGCTGGTCTGAGAGGACGACCAGCCACACTGGGACTGAGAC
ACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACCATGGGGGCAACCCTG
ATCCAGCCATGCCGCGTGCGGGAGAAAGGCCTTCGGGTTGTAAACCGCTTTCGGCCGGAA
CGAAATCGCCGGGGAGAACATCCCCGTGGATGACGGTACCGGAAGAAAAACCCGGCTAAC
TACGTGCCGCAGCCCGGT
>A41.3.6
GAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGGCTAAAACATGCAAGTCGAGCG
CGAAAGAGGGGCAACCCTCGAGTAGAGCGGCGAAAGGGTGAGTAATACGTTCCTATGTAC
CCCAAGGTCAGGGATAGCTCAGGGAAACCTGAATTAATACCTGATGTGGTCTCCGGATCA
AAGGCTTGCCGCCTTGGGAGCAGGGAACGTCCTATCAGGTAGTTGGTGAGGTAATGGCTC
ACCAAGCCTATGACGGGTAGCGGGTGTGAGAGCATGGCCCGCCACATCGGGACTGAGACA
CTGCCCGGACTCCTACGGGAGGCTGCAGTAACGAATCTTCCGCAATGCGCGCAAGCGTGA
CGGAGCAATGCCGCGTGCAGGATGAAGCCCTTCGGGGTGTAAACTGCTGTCAGGTTTTAG
GAACACAATGACCAAAGCCAAAGGAAGAGACGACTAACTCTGTGCCAGCAGCCCCGGT
>A41.3.7
AGAGTTTGATCCTGGCTCAGGATAAACGCTGGCGGCGTGCATAAAACATGCAAGTCGAAC
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GGACGGTCGCAAGACCGTCAGTGGCGGACGGCTGAGTAACACGTAAGTGACCTGCCCTTT
AGTGGGGAATAACTGCTCGAAAGAGTGGCTAATACCGCATGTACTCGCCCCTTCGCTGGG
GTGAGCAAAGCAGCGATGCGCTAGAGGATGGGCTTGCGGCCGATTAGCTAGTTGGTGTGG
TAACGGCGCACCAAGGCGATGATCGGTAGCTGGTCTGAGAGGATGATCAGCCAGACTGGG
ACTGCGACACGGCCCAGACTCCTACGGGAGGCAGCAGTTAGGGATTTTGCGCAATGGACG
AAAGTCTGACGCAGCAACGCCGCGTGGAGGACGAAGGCCTTCGGGTCGTAAACTCCTTTT
GCACGGGAAGATGGTGACGGTACCGTGCGAATAAGCCCCGGCTAACTCGTGCCAGCAGCC
CCGGT
>A41.3.8
GTTAATGGCGGACGGCTGAGTAACGCGTAGGCAATCTGCCCAGTGGTGGGGGATAACTGT
CGAAAGGCGGGCTAAGACCGCATGTGCTCACCGGGTGAAACTCCCGGTGTGGAAAACAGC
AATGTGCCACTGGAGGAGCCTGCGTCCTATCAGCTAGTTGGTGAGGTAACGGCTCACCAA
GGCGACGATCAGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCC
CAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGCAAGCCTGATCCAG
CCATGCCGCGTGAGTGATGAAGGCCCTAGGGTTGTAAAGCTCTTTTGTCCGGGAAGATAA
TGACTGTACCGGAAGAATAAGCCCCGGCTAACTTCGTGCCAGCAGCCCCGGT
>A42.1.5
ACCGGGGCTGCTGGCACGAAGTTAGCCGGGGCTTATTCTCCAGGTACCGTCATCATCGTC
CTGGCAAAAGAGCTTTACAACCCGAAGGCCTTCATCACTCACGCGGCATTGCTGGATCAG
GGTTGCCCCCATTGTCCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGTATC
TCAGTCCCAGTGTGGCTGATCATCCTCTCAGACCAGCTATCGATCGTCGGCTTGGTGAGC
CATTACCTCACCAACTACCTAATCGAACGCGGGCCCCTCCAATGGCGATAAATCTTTCCC
CTCTCGGGCTCATGCGGTATTAGCTGCAGTTTCCCGCAGTTATCCCCCACCACTGGGCAG
GTTCCCACGCGTTACTCACCCGTCCGCCACTCTCACCGAACCGAAGTCCGGATCCCGTTC
GACTTGCATGTGTTAGGCATGCCGCCAGCGTTCGTTCTGAGCCACGATCAAAC
>A42.1.6
ACCGGGGCTGCTGGCACGAAGTTAGCCGGAGCTTATTCTGCGGGTACCGTCATTATCGTC
CCCGCCAAAAGAGCTTTACAACCCTAAGGCCTTCGTCACTCACGCGGCATGGCTGGATCA
GGCTTGCGCCCATTGTCCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGT
CTCAGTCCCAGTGTGGCTGATCATCCTCTCAGACCAGCTACGGATCGTCGCCTTGGTGAG
CCGTTACCTCACCAACTAGCTAATCCGACGCGGGCCCATCCAATGGCGATAAATCTTTCC
CCCGAAGGGCTTATCCGGTATTACCCCAAGTTTCCCTGGGCTATTCCGACCAAGGGAAGG
TTCCCACGTGTTACTCACCCGTCTGCCACTCTCGTATTGCTACGAGCGTTCGACTTGCAT
GTGTTAGGCCTGCCGCCAGCGTTCGTTCTGAGCCAGGATCAAACTCT
>A42.1.7
TAGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCTTTACACATGCAAGTCGAA
CGGCAGCACGGGGGCAACCCTGGTGGCGAGTGGCGAACGGGTGAGTAACACATCGGAACG
TGCCCAAGGGTGGGGGATAACCTGGCGAAAGCCAGGCTAATACCGCATGCGCTCGGGAGA
GCAAAGCGGGGGACCGGTAACGGCCTCGCGCCCCTGGAGCGGCCGATGTCCGATTAGCTA
GTTGGTGGGGTAAAGGCCCACCAAGGCGACGATCGGTAGCTGGTCTGAGAGGATGATCAG
CCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGG
ACAATGGGGGCAACCCTGATCCAGCCATGCCGCGTGAGTGAAGAAGGCTTCGGGTTGTAA
AGCTCTTTCGGTGGGAACGAAACGGGGCGCTAACATGCGTCTCAATGACGGTACTCACAG
AAGAAGCACCGGCTAACTACGTGCAGCAGCCCCGG
>A42.1.8
TTTGATCCTGGCTCAGATTTGAACGCTGGCGGCATGCCTTACACATGCAAGTCGAAAACG
GCAGCACGGGGGCAACCCTGGGTTGGCCGAGTGGCGAACGGGTGAGTAATGCATCGGAAA
CGTGCCCAGTAGTGGGGGATAACTAGTCGAAAGATTAGCTAATACCGCATACGACCTATG
GGGGTGAAAGCGGGGGACCTTTACCGGCCTCGCGCTATCGGAGCGGCCGATGTCTGATTA
GCTAGTTGGCGGGGTAAAAGCCCACCAAGGCGACGATCAGTAGCTGGTTCTGAGAAGGAC
GACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAA
TTTTGGACAATGGGCGCAAGCCTGATCCAGCCATGCCGCGTGCAGGAAGAAAGCCTTCGG
GTTGT
>A42.2.3
TTGATCCTGGCTCAGAACGAACGCTGGCGGCGTGCCTACACATGCAAGTCGAACGGAATT
GAGGGGCTTGCTTCTCAGTTTAGTGGCGCACGGGTGAGTAACGCGTGGATAATCTGCCCT
GGTGTCCGGGATAACATTTCGAAAGGGGTGCTAATACCGGATAAGCCCACGAGGTCTTCG
GATCACGCGGGAAAAGGTGGCCTCTATTTATAAGCTACTGTATCAGGATTAGTCCGCGTA
CCATTAGCTAGTTGGCGGGGTAACGGCCCACCAAGGCGACGATGGTTAGCTGGTCTGAGA
GGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGG
GGAATTTTGCGCAATGGGGGAAACCCTGACGCAGCCACGCCGCGTGAGTGATGAAGGCCT
TCGGGTCGTAAAGCTCTGTCCGAGGGAAAGAAGTGTATTGTGGTTATTACCCGTGATACT
TGACGGTACCCTCAAAGGAAGCCCCGGCTAACTCCGTG
>A42.2.6
CCAGTGAATTGTAATACGACTCACTATAGGGCGAATTGGGCCCTCTAGATGCATGCTCGA
GCGGCCGCCAGTGTGATGGATATCTGCAGAATTCGCCTTAGAGTTTGATCCTGGCTCAGA
GTGAACGCTGGCGGCGTGTCTGATTCATGCAAGTCGAACGCGAAAGGGGGCAACCCCAAG
TAGCGTGGCGAAAGGGCGAGTAATACATGGGTAATCTACCCTCGAGATGGGGATAACCCC
GGGAAACTGGGGCTAATACCGAATGACATGTCCGGGTCGCATGGTCGGACATTAAAGGCG
GGGATCCGCAAGGACCTGTCGCTTGAGGAGGAGCTCATGGCCTATCAGCTAGTTGGTGAG
GTAACGGCTCACCAAGGCGATGACGGGTAGGGGACCTGAGAGGGTGACCCCCACCGATGG
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GACTGAGACACGGCCCATACACCTACGGGTGGCTGCAGTCGAGAATCTTCCGCAATGGAC
GAAAGTCTGACGGAGCGACGCCGCGTGGAGGATGAAGGCTTCGGCATGTAAACTCCT
>A42.2.7
GAGTTTGATCCTGGCTCAGAACGAACGCTGGCGGCGTGGATAAGACATGCAAGTCGAACG
GGACTAGGTTTGTAGCAATACAGGCTTGGTTCAGTGGCGCACGGGTGCGTAACACGTGAG
CAATCTGCCGGGAAGTGGGGGATAGCTCGCCGAAAGGCGAATTAATACCGCATGTGGCCA
TCCTTCGATTGGAGGAAAAGCCAAAGCAGCAATGCGCTTCCTGATGAGCTCGCGGCCTAT
CAGCTAGATGGCGGGGTAACAGCCCACCATGGCGATGACGGGTAGCTGGTCTGAGAGGAC
GACCAGCCACACTGGAACTGAGATACGGTCCAGACACCTACGGGTGGCAGCAGTCGAGAA
TTTTTCACAATGGGGGAAACCCTGATGGAGCGACGCCGCGTGGAGGATGAAAGCCTTCGG
GTTGTAAACTCCTGTCATGCGGGAACAAGCAAGTGATAGTACCGCAAGAGGAAGAGACGG
CTAACTCTGTGCCAGCAGCCCCGGT
>A42.2.8
AACGAACGCTGGCGGCGTGGATAAGACATGCAAGTCGAGCGCTCATTCGGTTGCAGCAAT
GTAGCCGAGTGGGAGCGGCGCAAGGGTGCGTAACACGTGGGTAATTTGCCAAAAAGTTTG
GGATAACTCGCTGAAAGGCGAGCTAATACCGGATGTGATCATCGGGCGGCATCGTTTGAT
GATTAAAGTTGGGGACCGTAAGGCCTGACGCTTTTTGATAAGCCCGCGGCCTATCAGCTA
GTTGGTGAGGTAACGGCTCACCAAGGCTAAGACGGGTAGCTGGTCTGAGAGGACGACCAG
CCACACTGGAACTGAGACACGGTCCAGACACCTACGGGTGGCAGCAGTCGAGAATTTTTC
ACAATGGGCGAAAGCCTGATGGAGCGACGCCGCGTGGGGGATGAATGGCTTCGGCCCGTA
AACCCCTGTCATTTGCGAACAAACTTGCTATTTAAAGATGGCGAGCTGATTGTAGCGAAA
GAGGAAGGGACGGCTAACTCTGTGCCAGCAGCCCGG
>A42.3.6
ACCGGGGCTGCTGGCACGTAGTTAGCCGGGGCTTCTTCTGGGGGTACCGTCACCCCATGG
GCTATTAACCCTGGAAGCTTCGTCCCCCCTGAAAGCGGTTTACAACCCGAAGGCCGTCTT
CCCGCACGCGGCGTTGCTGCGTCAGGCTTTCGCCCATTGCGCAAGATTCCCCACTGCTGC
CTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGATCGTCCTCTCAGACCA
GCTACGCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCGGCGCGGGCC
CATCCCGGAGCGGAGGCCGAAGCTACCATTTCCCATCTCGACCTGGGCCAAGATGGAACA
TGCGGTATTAGCCCGAGTTTCCTCGGGTTGTCCCGCTCTCCGGGGCAGGTTGCCCACGTG
TTACTCACCCGTTCGCCGCTGTACTCACACCCGAAGGTGCTTTCTCGCTCGACTTGCATG
TGTAAAGCACGCCGCCAGCGTT
>A42.3.7
ACCGGGGCTGCTGGCACGTAGTTAGCCGAGGCTTACTTTCAGGGTACCATCAATCCGTCC
GAGACCGGGAAATTTTTTCCCTGCTACAGCGGTTTACGACCCAAAGGGCCTTCATCCCGC
ACGCGGCGTTGCTGCGTCAGAGTTTCCTCCATTGCGCAATATTCCTCACTGCTGCCTCCC
GTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGATCATCCTCTCAGACCAGCTAC
CCATCGCCGGCTTGGTGAGCCGTTACCTCACCAACTACCTAATGGGACGCATGCTCATCC
CAGGTCATCGAAACTTTAACAACTGTCACCATGCGGTGCCTCTGCTTCATCGGGTATTAG
CACCTCGTTGGAAGTGTTATCCCCGGACTAGGGGTAGATTACATACGCGTTACTCACCCG
TGCGCCAGTATCCGCTCCACCGAAGTAGAACTTCTCCTGACTGCA
>A42.3.8
AGAGTTTGATCCTGGCTCAGAACGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAAC
GAGAAAGGGGCTTCGGCTCCGAGTAAAGTGGCGCACGGGTGAGTAACACGTGGGTAACCT
GCCTCTAAGATTGGGATAACTCGTCGAAAGATGAGCTAATACCGAATAAGACCACAGTTT
CTGCGGGAACAGGGGTCAAAGGTAGCCTCTGCTTGCAAGCTATCACTTAGAGATGGGCCT
GCGCACCATTAGCTAGTTGGTAGGGTAACGGCCTACCAAGGCAAAGATGGTTAGCTGGTC
TGAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGC
AGTGGGGAATATTGCGCAATGGGCGAAAGCTTGACGCAGCAACGCCGCGTGAGTGATGAA
GGCCTTCGGGTCGTAAAGCTCTGTCGGGAGGAACGAATGCTCTGAGGTTACAGCCTCGGA
GGTGACGTACTCAAAGCACGCACCGGC
>A43.2.1.2
AAGGGGGGCAACTCCCTGAGTAAAGCGGCGCACGGGTGAGTAACACGTAGGTAATCTACC
CTCGAGTCCAGGATAACCCGCCGAAAGGTGGGCTAATACCGGATATGACCACGGGAGTCT
CGGCTCCTGCGGTGAAAGGTGGCCTCTGCTTGCAAGCTACCGCTCGGAGATGAGCCTGCG
GGCCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGATGATGGCTAGCTGGTCTGA
GAGGATGGCCAGCCACACTGGGACTGAAACACGGCCCAGACTCCTACGGGAAGCAGCAGT
GGGGGATATTGCGCAATGGGCGAAAGCCTGACGCAACGACGCCGCGTGGGTGATGAAGGC
CTTCGGGTCGTAAAGCCCTGTCGAGGGGAACGAAACGGTCTCGACCCAATACGTCGAGGC
CCGACGGTACCCTAAAAGAGCAACCGCTAACTCGTGCAAGCAGCCCCGGTAA
>A43.2.1.5
AGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGCGCTTAATACATGCAAGTCGAGC
GAGAACCGGACCTTCGGGTCCGGGGAAAGCGGCGAACGGGTGAGTAACACGTGGGTAATC
TGCCCTCGGCACTGGGATAGCCCGGGGAAACCCGGATTAATACCGGATAGCCTTTCGAGC
CTTCGGGCTCGTCAGAAAAGGTGGCTTCGGCTTCCGGCTGAGGAGGAGCCCGCGGCTGAT
TAGCTAGTTGGTGAGGTAATGGCTCACCGAGGCAACGATCAGTATCCGGTCTGAAAGGAC
GGTCGGACACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAAGCAGCAGTGGGGAA
TTTTTCGCAATGGGGGCAACCCTGACGAAGCAACGCCGCGTGCGGGATGAAGTCCTTCGG
GACGTAAACCCTTTC
>A43.2.2.2
ACCGGGGCTGCTGGCACGTAGTTAGCCGGGGCTTCCTCTGAGGGTACAGTCAAGCTCCGG
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TGTTACCGGAGTTATTCGTCCCCTCTCACAGGAGTTTACAATCTTACGACTTTCATCCTC
CACGCGGCGTTGCTGGGTCACCCTTGCGGGCATTGCCCAATATTCCTCACTGCTGCCTCC
CGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGATCATCCTCTCAGACCAGCTA
CCGATCGTAGCCTTGGTGGGCCGTTACCTCACCAACTAGCTAATCGGACGCAAGCTCGTC
CCCAGACGTTTCATGAACTTTAACAACACCATGCGGTGCCGCTGCATCATACGGTATTAG
TCCCGCTTTCGCGGGTTATTCCATATCTAGGGTAGATTGCTTACGTGTTACTCACCCGTG
CGCCACTTTACAAAGAGTATTGCTACTCTCTTCTCGTACGACATGCATGTGTTAAGCACG
CCGCCAGCGTTCGTCCTGAGCCAGGATCAAACTCT
>A43.2.2.5
GATGAACGCTGGCGGCGTGCTTAAGGCATGCAAGTCGAACGTACTCGTACGCGATTACAT
CAAGGACGAGAAAGTGGCAAACGGGAGCATATACCCCTTGGGTAACCTACCCTGAAGTCG
CGAATAATTCACCGAAAGGTGGACTAATACGCGATATTGTCCCGACGGTAATCGTCGTGA
TGAAAGCTTCGGCGCTTCGGGAGGGGCCTATGTTCTATCAGCTAGTTGGTGAGGTAATGG
CTCACCAAGGCGATGACGGATAGCGGGCGTGAGAGCGTGACCCGCCTCACTGGGACTGAG
ACACTGCCCAGACACCTACGGGTGGCTGCAGTCAGGAATATTCCTCCATGGGACGAAAGT
CTGAAGGAGCGACACCCCGTGCTGGAAGAAAGAAGGCTTCGGATCGTAAACGGCTTTTAT
AAGGGACGAACAAATGACGGTACCTAAGAATAAGAAGTTGCTAACTCTGTGCCAGCAGC
>A43.2.3.1
GGCGGCGTGCCTAACACATGCAAGTCGAGCGGCAGCGCGGGAGCAATCCTGGCGGCGAGC
GGCGGACGGGTGAGCAATATTTGGGAATCTGCCTATTAGTGGGGGACAACCCGGGGAAAC
TCGGGCTAATACCGCATACGCACTACGGTGGAAAGCCGGGGACCGCAAGGCCTGGCGCTA
ATAGATGAGCCCAAATCGGATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCTACGAT
CCGTAGCTGGTCTGAGAGGACGACCAGCCACACCGGAACTGAGACACGGTCCGGACTCCT
ACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATCCAGCGACGCCGC
GTGTGTGTGAAAAACGCCTGCGGGGTTGTAAAAGCCCTTTCGGTGGGGGAAGAAAAGCCT
CCAACTAACACGTCTGGGTCTCGACGTAACCCATAGAA
>A43.2.3.2
ACCGGGGCTGCTGGCACGTAGTTAGCCGGTGCTTATTCCGCCGGTACCGTCAAGAACCAG
GGGTATTCACCCTGGCCTTTTCTTCCCGGCTAAAAGCGGTTTACAACCCGAAGGCCTTCT
TCCCGCACGCGGCATGGCTGGATCAGGGTTGCCCCCATTGTCCAAAATTCCCCACTGCTG
CCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAAGTGTGGCTGATCGTCCTCTCAGAC
CAGCTACGGATCGTCGCCTTGGTGGGCCTTTACCCCACCAACAAGCTAATCCGCCGCGGG
CTCATCCTCGGTCGGAGGCCGAAGCTACCTTTTCTCACGAGCTCGAGAGCTCGAGAGGCC
ATCCGGTATTAATCCGGGTTTCCCCGGGATATCCCAGAACCGAGGGCAGATTAACCACGT
GTTACTCACCCGTTCGCCGCTGTTCACAGTCCCGAAGGACTGGTTCTCGCTCGACTTGCA
TGTGTTAAGCGCGCCGCCAGCGTTCGTCCTGAGACAGGATCAAACTCT
>A43.2.3.3
AGAGTTTGATCCTGGCTCAGAACGAACGCTGGCGGCGTACTTAACACATGCAAGTCGGAC
GAGAAAGGAGACTTCGGTCTCTGAGTACAGTGGCGCACGGGTGCGTAACACGTAAGTAAT
CTACCCTGAACTCTGGGATAACCCCCCGAAAGGAGGGCTAACACTGGATAGGGTCCCCGA
GGTATAGGCTGCGGGGGGAAAACGGGCCTCTGTTTCATGCTCGTGGTTTGGGATGAGCTT
GCGGCCCATTAGCTTGTTGGTATGGTAATGGCTTACCAAGGCGACGATGGGTAGCTGGTC
TGAGAGAGATGATCAGCCACACTGGCACTGAGACACGGGCCAGACTCCTACGGGAGGCAG
CAGTGGGGAATTTTGCGCAATGGGCGAAAGCCTGACGCAGTAACGCCGCGTGGAAGATGA
AGGCCTTCGGGTTGTAAACTCCTGTCAGGGGGAACGACAGAGCAAGGGTGATAAAACCTT
TCCTCTAGACAGTAACTCCCAAGGAGCCCCGGCTATTTTCGTGCCAGCAGCC
>A43.2.3.4
AGAGTTTGATCCTGGCTCAGGATAAACGCTGGCGGCGTGCCTTATGCATGCAAGTCGTAC
GAGGTTAGGACTTCGGTCCAAAGCCTAGTGGCGAACGGGTGAGTAACACGTACGTGACCT
GTCCGGAAGTGGGGAATAACCAGCCGAAAGGTTGGCTAATACCGCATGAGATCACCGCTT
GGAAGCGGATGATGAAAGCCGTAAGGCGCTTTCGGAGGGACGTGCGGCCGATTAGCTAGT
TGGTGTGGTAACGGCGCACCAAGGCGATGATCGGTAGCTGGTCTGAGAGGATGATCAGCC
ACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGCGC
AATGGGGGCAACCCTGACGCAGCCATGCCGCGTGCGGGAAGAAGGCCTTGGGT
>A43.2.3.5
GAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGCGCCTAACACATGCAAGTCGAGCG
AGAACCAGGGCTTCGGCCCTGGGGAAAGCGGCGAACGGGTGAGTAACACGTGGGTAACCT
GCCCTCGGCACCGGGATAGCCCGGGGAAACTCGGATTAATACCGGACAGCCTCATCAGCC
CTCGGGCGAATGAGAAAAGGTGGCTTCGGCTTCCGGCTGAGGATGGGCCCGCGGCCGATT
AGCTTGTTGGTGGGGTAACGGCTCACCAAGGCTCCGATCGGTAGGTGGTCTGAGAGGACG
ATCACCCAGACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTCGGGAAT
TTTGCGCAATGGACGAAAGTCTGACGCAGCAACGCCGCGTGAGGGATGACGGCCTTCGGG
TTGTAAACCTCTTT
>A51.1.1
TTTGACCGGGGCTGCTGGCACGTAGTTAGCCGAGACTTATTCCTGAGATACTGTCCTTTC
TCATCCCAGAAAAGTGCTTTACGACCCGAAGGCCTTCTTCGCACACGCGGCGTTGCTGGG
TCAGGCTTTCGCCCATTGCCCAATATTCCCTACTGCTGCCACCCGTAGGTGTATGGACCG
TGTTTCAGTTCCATTGTGGGGGGCCACCCTCTCAGGTCCCCTACCCGTCATCGCCTTGGT
GAGCCGTTACCTCACCAACTAGCTGATGGGACGCAGGCCCCTCCCAAAGTGTCTTGCGAC
TTTCCTCCTCGCGGAGCACATGCGGTATTAGCAAGCCTTTCGGCCTGTTATCCCCCGCTT
TGGGGCAGGTACCAACGCGTTACTCACCCGTTCGCCACTCTCGACCGAAGTCACCGTTCG
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ACTTGCATGTATTACGCACGCCGCCAGCGTTCATCCTGAGCCAGGATCAAACTCT
>A51.1.4
ACCGGGGCTGCTGGCACGTAAGTTGGCTGGTCCTTCTTCTGTTCCTAACCGTCACTTGCG
CTTCGTCGGAACTGAAAGCGGTTTAACAAACCCGAAAAGCCGTCATCCCGCACGCGGCGT
TGCTGCATCAGGCTTGCGCCCATTGTGCAATATTCCCCAACTGCTGCCTCCCGTAAGAGT
CTGGGCCCGTATCTCAGTCCCAGTGTGGCCGGTCGCCCTCTCAAGCCGGCTACCCGTCGA
AGCCTTGGTGAGCCGTTAACCTCACCAACAAGCTGATAAGGCCGCGAGCCCCATCCTTGA
CCGCTAAAGCGCTTTCCATCTCCAGATGATGTCATCGAAGGT
>A51.1.5
TTAGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCCTTACACATGCAAGTCGA
GCGGCAGCGCGGGGGCAAACCCTGGCGGCGAGCGGCGAACGGGTGAGTAATGCATCGGAA
CGTGTCCTCTTGTGGGGGATAACCAGTCGAAAGACTGGCTAATACCGCATGAGCTCGAGA
GAGGAAAGCAGGGGACCCGAGGGCAACTTCGGGCCTTGCGCGAGAGGAGCGGCCGATGCC
GGATTAGCTAGTTGGTGGGGTAATGGCCCACCAAGGCGACGATCCGTAGCTGGTCTGAGA
GGACGACCAGCCACACTGGGACTGAGAACGGCCCAGACTCCTACGGGAGGCAGCAGTGGG
GAATTTTGGACAATGGGGGCCACCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGCCTT
CGGGTTGTAAAGCACTT
>A51.2.2
AGAGTATTGATCCTGGCTCAGAAATCAACGCTGGCGGCGTGCCTAAACACATGCAAGTCG
AACGAGAAAGCCACTTCGGGGGTAAGTAAAGTGGCGTACGGGTGAGTAACACGTGGGTAA
TCTGCCTCCGAGCGGGGAATAACCCAGGGAAAACTTGGGCTAATACCGCATAATGCAGCG
GCACCTAATGGTGATTATGATTGTAAAAGCGGGGGATCGCAA
>A51.2.3
AGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCCTAACACATGCAAGTGGAGC
GACGAACCAGGCTTCGGCCTGGGGCGAAGCCGCGAACGGGTGAGTAACACGTGGGTAACC
TGCCCCGATGACCGGGACAACCCGGGGAAACTCGGGCTAATACCGGATGTTCCCTACCGG
CACAAGCCGGTCGGGTAAAGGAAGCTTCGGCCTCCGCATTGGGAGGGGCCCGCGGCCCAT
TAGCTAGTTGGTGGGGTAATGGCCTACCAAGGCGACGATGGGTAGCTGGTCTGAGAGGAC
GATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAA
TCTTGCGCAATTGGGCGAAAGCCTGACGCAGCGACGCCGCGTGCGGGAAGAAGGCCTTCG
GGTTGTAAACCGCTTTCAGGAGGGACGAAGCTACTCGGGTGAATAGCCCAGAAGTGACGG
TACCTCCAGAAGAAGCCCCGGCTAACTACGTGCCAGCAGCC
>A51.2.5
AGTGCTTTACGATCCGAAGACCTTCATCACACACGCGGCGTTGCTGCGTCAGGCTTTCGC
CCATTGTGCAATATTCCCTACTGCTGCCACCCGTAGGTGTATGGACCGTGTTTCAGTTCC
ATTGTGGGGGGTCACCCTCTCAGGTCCCCTACCCGTCGTAGCCTTGGTGAGCCATTACCT
CACCAACTAGCTGATGGGACGCAGGTCCCTCCCAAAGCGAATTGCTCCTTTAGTCATCAG
TTTCTAAATCCAATGACCACATGCGGTATTAGCAATCCTTTCGGACTGTTATCCCACACT
TTGGGGTAGGTCACCAACGCGTTACTCCCCCGTTCGCCACTAGGATACTCTCGTATTGCT
ACAAAAGCACCTCGTCCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCGAGGCA
GGATCAAACTCT
>A51.2.6
AGAGTTTGATCCTGGACTCAGATTGAACGCTGGCGGCATGCCTTAACACATGCAAGTCGA
ACGGCAGCACGGGGGCAACCCTGGTGGCGAGTGGCGAACGGGTGAGTAATGCATCGGAAC
GTGCCCAGTTGTGGGGGATAACCCGGCGAAAGCCGGGCTAATACCGCATACGACCTACGG
GTGAAAGCGGGGGACCGCAAGGCCTCGCGATACTGGAGCGGCCGATGTCTGATTAGCTAG
TTGGCGGGGTAAGAGCCCACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGACGACCAGC
CACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGA
CAATGGGCGCAAGACTGATCCAGCCCATGACCGCGTGCGGGAAGAAGGCCTTCGGGTTGT
AAACCGCTTTTG
>A51.2.7
AGAGTTTGATCCTGGCTCAGAACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAAC
GTGATCCGGCCTGCGGGGCCGTGTGAAAGTGGCGCACGGGTGAGTAACACGTGGATAATC
TACCCGATGATCCGGGATAACATCTCGAAAGGGGTGCTAATACCGGGTAAGCCCACGGAC
TCTTCGGAGTTTGCGGGAAAAGGTGGGGACCTTCGGGCCTACCGTCATCGGATGAGTCCG
CGGCCCATTAGCTAGTTGGTAGGGTAACGGCCTACCAAGGCAACGATGGGTAGCTGGTCT
GAGAGGATGATCAGCCACACTGGAACTGAGACTGGTCCAGACTCCTACGGGAGGCAGCAG
TGGGGAATTTTGCGCAATGGGCGAAAGCCTGTACGCAGCAACGCCGCGTGAGCGATGAAA
GCCTTCGGGTCGTAAAGCTCTGTCAGAGGGGAAGAAAC
>A51.2.8
ACCGGGGCTGCTGGCACAGAGTTAGCCGGTGCTTTCTCTGGGGGTAACGTCAACACCCCG
CGGGTGTTATCCCACATGCTATTCATCCCCACTAAACAGGTGACTTTACAACCCGCAAGG
CCTTCTTCACCACCACGCGGCGTCGCTGGATCAGGGTTGCCCCCATTGTCCAATATTCCC
CACTGCTGCCTCCCGTAGGATGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGGTCGTCC
TCTCAGACCAGCTACCGATTGTCGCCTTGGTGGGCCGTTACCCCGCCATCAAGCTAATAC
CGACTTGAGGCTCATCCAGAAGCGCGAGGCCGTTACGGGCCCCCGCTTCCCCCTCTAACC
GATATTGATAGGAAGCGTTTGCGGTATTAGCCAATCATTCCACTGGTTATGGCCCACTGC
ACGGCTGATTCCCACGCGTTCCCCACCCGTCCGCCTCTCGACAACATGTATTGCTACACC
TGTCAACGCTCGACTTGCATGTGTACGCACGCCTCCA
>A51.3.1
ACCGGGGCTGCTGGCACAGAGTTGGCCGGGGCTTCCTCTGAAGGTACCGTCAAAATGCCG
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GCGGTATTCACGCCGACACCCTTCTTTCCCTCTGACAGGGGTTTTACGACCCGAAGGCCT
TCGTCCCCCACGCGGCGTCACTCCGTCAGGCTTTCGCCCATTGCGGAAAATTCCCCACTG
CTGCCTCCCGTAGGAGTCGGGACCGTGTCTCAGTTCCCGTGTGGCTGGTCGTCCTCTCAG
ACCAGCTACCCGTCATCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTGATAGGCCGCG
AGCCCCTCCAAGAGCGGCAGCTTTCGCCACCTTTCCTCCCCAGATCCAACGACCCGAGGA
GCGTATCCGGTATTAGCCTTCCTTTCGAAAGGGTATCCCGAGCTCAAGGGCANGTTGCCC
ACGTGTTACTCACCCGTACGCCACTAAGAACGCCGACGTATTGCTACGCCGATGATCCTC
GTTCGACTGCATGTGTTAAGTACGCCGCCAGCGTTCGCTCTGAGCCAGATCAAACTCT
>A51.3.6
AATCAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGCGAAAGCCCGCAAGGGTAA
GTAGAGTGGCGCACGGGTGAGTAACACGTGGACAACCTGCCTTCGAGTGGGGAATAACCT
TCCGAAAGGAGGGCTAATACCGCATAACACCTCGGGACACAAGTTCTGGGGTTGAAAAGA
GCAATTTGCTTGAAGAGGGGTCCGCGCCTGATTAGCTAGTTGGTGGGGTAATGGCCTACC
AAGGCTACGATCAGTATCCGGCCTGAGAGGGCGGACGGCCACACTGGGACTGAGACACGG
CCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTGTTCGCAATGGGCGCAAGCCTGACGA
CGCAACGCCGCGTGGAAGATGAAGATCTTCGGGTCGTAAACTCCTTTCGATCGAGACGAA
TGGCCTCGGGTAATATCCCGGAGGAATGACGGTACCGAGAGAAGAAGCCCCGGCTAA
>A51.3.8
AAGACATGCAAGTCGTACGTGAAAGGTAGCAATACCGAGTAAAGTGGCGCACGGGTGAGT
AATATTTAGGTAACGTACCCTTCCGCTGTGGATAACCAGACGAAAGTTTGGCTAATACAG
AATAGTCTAATTGAACTGCGGTTTTGATTAGTAAAGCCGTAAGGCGCGGAAGGTCTGGCC
TAAATCCCATTAGCTAGTTGGTAGGGTAATGGCCCACCAAGGCTCCGATCGGTAGCCGGC
CTGAGAGGGCGGACGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAG
CAGTGGGGAATTTTTCGCAATGGGGGAAACCCTGACGAAGCAACGCCGCGTGGAGGATGA
AGGCCTTCGGGTCGTAAACTCCT
>A52.1.2
ACCGGGGCTGCTGGCACGTAGTTAGCCGGTGCTTATTCTGCAGGTACCGTCATTAACGCG
AGATATTCGCTCGCGCCGTTTCGTTCCTGCCAAAAGCGGTTTACAACCCGAAGGCCTTCT
TCCCGCACGCGGCATGGCTGGATCAGGCTTGCGCCCATTGTCCAAAATTCCCCACTGCTG
CCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGGTCGTCCTCTCGGACC
AGCTACTGATCGTCGCCTTGGTGGGCTTTTACCCCGCCAACTAGCTAATCAGACATCGGC
CGCTCCGATAGCGCGAGGCCGGTAAAGGTCCCCCGCTTTCACCCATAGGTCGTATGCGGT
ATTAGCTAATCTTTCGACTAGTTATCCCCCACTACTGGGCACGTTCCGATGCATTACTCA
CCCGTTCGCCACTCGCCACCAGGGTTGCCCCCGTGCTGCCGTTCGACTTGCATGTGTAAG
GCATGCCGCCAGCGTTCAATCTGAGCCAGGATCAAACTCT
>A52.1.3
GCTGGTAACGTGGATACCGGCATGCAAGTCGAGCGGACCGCAAGGTCAGCGGCGAACGGC
ATAGTAACACGTGGGTACATACCCCAAAGTGGAGGACAGCTCGTCGAAAGACGGGGTAAT
ACTCCATAGCATCGCAAGATTAAAGTCTCACGACGCTTTGGGAATGGCCTGCGGCCTATC
AGATTGTTGGCGAGGTAATGGCTACCAAGTCTTTGACGGGTAGGGGGCGTGAGAGCGCGA
CCCCCATGAATGGCACTGCGACACGGGCCATACTCCTACGGGAGGCTGCAGTCGAGAATC
TTCCGCAATGGGCGAAAGCCTGACGGAGCGACGTTACGTGAATGATGAAGCCCTTCGGGG
TGTAAAGTTCTTTTATGTGGGAGGAAGTATTGACCGTACCACTTGAATAAGAGGATCCTA
ATTCTGTGCCAGCAG
>A52.1.5
GAGTTTGATCCTGGCTCAGTTGAACGCTGGCGGCATGGCTAAAACATGCAAGTCGAGCGC
GAAAGGGAGCAATCCCAAGTAGAGCGGCGAAAGGGTGAGTAATACGTTCCTACGTGCCTC
AAGGTCAGGGATAGCCAGGGGAAACTCTGGGTAATACCTGATGTGGTCGCAAGATCAAAG
GCTTGCCGCCTTGAGAGCGGGGAACGTCCTATCAGCTAGTTGGTGAGGTAACGGCTCACC
AAGGCATAGACGGGTAGCAGGTGTGAGAGCACGGCCTGCCACATCGGAACTGAGACACTG
TCCGGACTCCTACGGGAGGCTGCAGTAACGAATCTTCCGCAATGCGCGCAAGCGTGACGG
AGCAATGCCGCGTGCAGGATGAAGCCCTTCGGGGTGTAAACTGCTGTCGGGCTTAAGAAG
CAAGTGACCAGCTCGAAGGAAGAGACGACTAACTCTGTGC
>A52.2.2
GTTTACGACCCGAAAGTCTTCATCCTCACGCGGCGTTGCTCGTCAGGCTTTCGCCCATTG
CGAACAATTCCCCACTGCTGCCTCCCGTAGGAGTATGGACCGTGTTTCAGTTCCATTGTG
GGGGGCCACCCTCTCAGGCCCCCTACCCGTCGTAGCCTTGGTGGGCCGTTACCTCACCAA
CTAGCTGATGGGACGCAGGTCCCTCCCAAAGCGCATTACTGCTTTAGTCATCGGTTTCTA
AATCCAACGACCACATGCGGTATTAGCAATCCTTTCGAACTGTTATCCCACACTTTGGGG
CAGGTCACCAACGCGTTACTCACCCGTTCGCCACTAAGATACCCTCGTATTGCTACAAAA
GCACCTCGTTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCTGAGCCAAGATC
AAACTCT
>A52.2.3
AATCAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGCGAAAGCCCCGCAAGGGGC
AAGTAGAGTGGCAAACGGGTGAGTAACACGTGGGTGACCTGCCTTCGAGTGGGGGATAAC
GTCCCGAAAGGGACGCTAATACCGCATGACATCCTGTCTTTGAAGAGACGGAGATCAAAG
CTGGGGATCGCAAGACCTAGCGCTTGAAGAGGGGCCCGCGCCCGATTAGCTAGTTGGTGA
GGTAACGGCTCACCAAGGCGACGATCGGTAGCCGGCCTGAGAGGGCGGACGGCCACACTG
GGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTGTTCGCAATGGG
CGCAAGCCTGACGACGCAACGCCGCGTGGAGGATGAAGATCTTCGGGTCGTAAACTCCTG
TCGAATGGGACGAACGCATCGCGCGCAAACAGCGTGCGGTGGTGACGGTACCGTTAAAGG
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AAACCCCGGCTAACTCCGTGCCAGCAGCCCCGGT
>A52.2.5
ACCGGGGACTGCTGGCACGTAGTTAGCCGGTGCTTCTTCTGTGAGTACCGTCATTGAGGC
GGATTGTTCACCCACCCCGTTTCGTTCCCACCGAAAGAGCTTTACAACCCGAAGGCCTTC
TTCACTCACGACGGCATGGCTGGATCAGGGTTGCCCCCATTGTCCAAAATTCCCCACTGC
TGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGATCATCCTCTCAGA
CCAAGCTACCGATCGTCGCCTTGGTGAGCCTTTACCTCACCAACTAGCTAATCGGACATC
GGCCGCTCCATTGGCGCAAGGCCTGGCCGGTTCCCCCCGTTTGCGCCTCTCTCAGACACA
CTGCGCGTGTATTACCCGTGCTCTTCTCGACCATGTTATCCCCCCACCACTGGGCTCGTG
CCGATGTATTACTCACCCGTTCGCCACTCGCCACCATGGTCGCCCCCGTGCTGCCGTTCG
ACTTGCGTGTGTAAAGCATGCCGCCAGCGTTCAATCTGAGCTAGGATCAAACTCT
>A52.3.2
AGAGTGTTGAATCCTGGCTCAGAATCAACGCTGGCGGCGTGCCTAAACACATGCAAGTCG
AACGCGAAAAGGGGCTTCGGTCCCGAGTAAGAGTGGCGGACGGGTGAGTAACACGTGGGT
GACCTGCCTTTCAGAGGGGGATAACTCCGGGAAACTGGAGCTAAGAACCGCATGCGCCCT
TGGACGCGAGTTTGAAGGGGAAAATGTCGAAAGACAGCTGAAAGAAGGGGCCCGCGCCCC
GATTAGCTAAGTTGGCGGGGTAAAGAGCCCACCAAAGCGACGATCGGTAGCCGGTCTGAG
AGGACGGACGGCCACACTGGAACTGAGAGACGGTCCAGACTCCTACGGGAGGCAGCAGTG
GGGAATTTTGCGCAATGGGGGAAACCCTGACGCAGCAACGCCGCGTGGAGGATGAAGGTT
TTCGGATCGTAACCTCCTGTCCCCAGGGACGAAAAAAATGACGGTACCTGGGGAGGAAGC
CCCGGCTAACTCCGTGCCAGCCGCCCCGG
>A52.3.3
AGAGTTTGATCCGGACAGGATGAACGCGGACTGGACGTGACCTAATACTGACAGTCGAAA
CGAGGTGACTTTTGTAGACAATACGAGAGTATCCTAGTGGCGAACGGGTGAGTAACGCGT
TGGTGACCTACCCCAAAAGTGTGGGATAACAGTCCGAAAGGATTGCTAATACCGCATGTG
GTTATTGGATCTAGAAACCGATAACTAAAAGGAGCAATTCGCTTTGGGAGGGACCTGCGT
TTTTTTCAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGACGACGGGTAGGGGACCTGA
GAGGGTGACCCCCCACAATGGAACTGAAACACGGTCCATACACCTACGGGTGGCAGCAGT
AGGGAATATTGCACAAATGGGCGAAAGCCTGATGCAGCAACGCCGCGTGCACGATGAAGG
CCTTCGGGTCGTAAAGTGCTTTTCTGGGAGATGAGAAAAGACAGTATCTCAGGAATAAGT
CTCGGCTAACTACGTGCCAGCAGCCCCGGT
>A52.3.4
GAGTTTGATCCTGGCTCAGAACGAACGACTGGCGGCGTGGATAAGACATGCAGTCGAGAC
GCTGATTACGGGGTAGACAATATTCCGTGGTCGGAGACGGCGACAAGGGTGCGTAAACAC
GTGGGTAATCTGCCATGAAGTTTGGAATAAACTCGACTGAAAGGCGAGCTAATGCCGGAT
GTGAAAGCTGGGAGGCATCTCTTGGTTTTCAAAGCTGGGGACCGTAAGGCCTGGCGCTTT
ATGATGAGCCCGCGGCCTATCAGCTAGTTGGTAAGGTAACGGCTTACCAAGGCTAAGACG
GGTAGCTGGTCTGAGAGGACGACCAGCCACACTGGAACTGAGACACGGTCCAGACACCTA
CGGGTGGCAGCAGTCGAGAATTTTTCACAATGGGCGCAGCCTGATGGAGCGACGCCGCGT
GGGGGATGAATGGCTTCGCCCGTAAACCCCTGTCTTTGCGATCACCGTTGTGTTAAGAGA
TGACAACCTGATAGTAGCGAAAGAGGAAGGGACGGCTAACTCTGTGCCCGCAGCCCCGGT
>A53.1.2
GAGTTTGATCCTGGCTCAGAACGAACGCTGGCGGCGCGCCTAATACATGCAAGTCGAACG
AGAATGTGTAGCAATACACATGTACAGTGGCGAACGGGTGAGGATTACATGGGTAACCTA
CCCTCGAGTGGGGAATAACCAGCCGAAAGGTTGGCTAATACCGCGTACGCTTCCGGGACT
GCGGTTCCGGAAGGAAAGCGATACCGTGGGTATCGCGCTCTTGGATGGGCTCATGCCCTA
TCAGCTTGTTGGTGAGGTAACGGCTCACCAAGGCATCGACGGGTAGCTGATCTGAGAGGA
TGATCAGCCACACTGGCACTGCGACACGGGCCAGACTCCTACGGGAGGCAGCAGTAAGGA
ATATTGCGCAATGGGCGAAAGCCTGACGCAGCGACGCCGCGTGGGGGATGAAGGTCTTCG
GATTGTAAACCCCTTTCGGGAGGGAAGATGGGATGGGGTAACCCATTCGGACGGTACCTC
CAGAAGCAGCCACGGCTAACTTCGTGCCAGCAGCCCCGG
>A53.1.3
AGAGTTTGATCCTGGCTCAGAACGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAAC
GCACCTTTCGGGGTGAGTGGCAGACGGGTGAGTAACACGTGGGAACGTGCCCATCGGTTC
GGGATAACCCAGGGAAACTTGGGCTAATACCGGATACGTGCGATGAGCAGAAAGATTGAT
CGCCGATGGATCGGCCCGCGTCTGATTAGCTGGTTGGTGGGGTAATGGCTCACCAAGGCG
ACGATCAGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGA
CTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGCAAGCCTGATCCAGCCAT
GCCGCGTGAGTGATGAAGGCCCTAGGGTTGTAGAGCTCTTTCGCACGCGACGATAATGAC
GGTAGCGTGAGAAGAAGCCCCGGCTAACTTCGTGCCAGCAGCCCCGGT
>A53.1.5
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAGC
GGTAACGCGGGGGCAACCCTGGCGACGAGCGGCGGACGGGTGAGTAACGCTTAGGAATCT
TCCCAGTAGTGGGGAACAACCCGGGGAAACTCGGGCTAATACCGCATACGCCCTTCGGGG
GAAAGCGGGGGACCGCAAGGCCTCGCGCTATTGGATGAGCCTAAGTCGGATTAGCTAGTT
GGTAGGGTAACGGCCTACCAAGGCGACAATCCGTAGCTGGTCTGAGAGGACGACCAGCCA
CACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACA
ATGGGGGCAACCCTGATCCAGCGACGCCGCGTGTGTGAAGAAGGCCTGCGGGTTGTAAAG
CACTTTTAGTGGGGATGAAAAGCACCGGGCTAATACCCAGGTGTCTGGACCTAACCCAAA
GAAAAAGCACCGGCTAACTCTGTGCC
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>A53.2.1
AGAGTTTGATCCTGGCTCAGAACGAACGCTGGCGGCATGCTTAACACATGCAAGTCGAAC
GCGTTGCCTTGGGTTCGCCTGGGGTGACGAGTGGCGCACGGGTGAGTAGCGCGTGGGAAC
CTGCCCTGAAGTGGGGGATAACCGAGGGAAACTTCGGCTAATACCGCATACGCCGGTGGC
CTTGAGAGAGGGTATCGGGAAAGATTTATCGCTTCAGGAGGGGCCCGCGTCGGATTAGCT
AGTTGGTGGGGTAACGGCCTACCAAGGCAGTGATCCGTAGCTGGTCTGAGAGGATGATCA
GCCACACTGGGACTGAAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATT
GGACAATGGGCGCAAGCCTGATCCAGCAATGCCGCGTGAGTGAGGAAGGCCTTAGGGTTG
TAAGCTC
>A53.2.2
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCGTGCCTAACAACATGACAAGTCGG
GACGGTAAACAGGACGTAGACAATACGTGACTGANGAGACGGCGAACGGGTGAGCAATGC
TTCGGAATCTGCCCAATGATGGGGAATAAACCAGTCGAAAGATTGGCTAATACCGCATAC
GCCCTTCGGGGGAAAGCGGGGGTCGCAAGACCTCGAGTCGATGGATGAGCCGAAGTCGGA
TTAGATAGTTGGTAGGGTAACGGCCTACCAAGGCGACGATCCGTAGCTGGTCTGAGAGGA
CGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGA
ATATTGGACAATGGGGGCACCCTGATCCAGCGACGCCGCGTGTGTGAAGAAGGCCTGCGG
GTTGTAAAGCACTTTTAGTGGGGATGAAAAGTACATCGCTAATACCGGTGTATCTTGACC
AAACCCAAAGAAAAAGCACCCGGCTAACTCTGTGCCAACAGCC
>A53.2.3
AGAGTTTGATCCTGGCTCAGGACGAACGCTTGCGGCGTGCCTAAGAAATGCAAGTCGAAC
GAGGTTAGGGAGCTTGCTCCCGAAGCTTAGTGGCGAACGGTCGCGTAACACGTAAGCAAC
CTGCCCCAAAGTGGGGGATAGCCCACCGAAAGGTGGATTAATACCGCATGTGGATGTCAC
ATTGCATGATGAGACATCTAAAGCAGCAATGCGCTTTGGGATGGGCTTGCGGCCTATCAG
CTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGACGGGTAGCTGGTCTGAGAGGATGGT
CAGCCGGACTGGGACTGAGATACGGCCCAAACTCCTACGGGGGGCAGCAATTAGGAATCT
TGCACAATGGACGAAAGTCTGATGCAGCGACGCCGCGTGAAGGATGACCGCCTTCGGGTT
GTAAAACTTCTTTTAAGAAGGAAGAATAAAATGACGGTACTTTCTGAATAAGCCCCGGCT
AACTACGTGCCAGCAGCCCCGGT
>A53.3.1
AGAGTTTGATCCTGGCTCAGAACTAACGCTGGCGGCGCGTCTTAAACATGCAAGTCGAAC
GGTAGTCCTTGAGCTTGCTTAGGGATGAGAGTGGCGAACGGGTGAGTAACACGTGGATAA
TCTGCCTCCGGGATGGGGATAACGCTCCGAAAGGAGCGCTAATACCGAATGAGATGGTGG
CTGCATAAGCAGCAGCCATTAAAGGTGGGGACCGCAAGGCCTACCGCCTGGAGATGAGTC
CGCGGCTGATTAGCTTGTTGGTGGGGTAACGGCCTACCAAGGCGACGATCAGTAGCCGGC
CTGAGAGGGTGAACGGCCACATTGGGACTGAGATACGGCCCAGACTCCTACGGGAGGCAG
CAGTTAAGAATCTTGCACAATGGGGGCAACCCTGATGCAGCGACGCCGCGTGAATGATGA
AAGCCTTCGGGTTGTAAAGTTCAAGTAAGCAGGGAAGAATAA
>A53.3.3
ACCGGGGCTGCTGGCACAGAGTTAGCCGGGGCTTCCTCACCCGGTACCGTCAGACTCTGA
CGTGTTAGGTCAGAGTGTTTCGTCCCGGGCAACAGGAGTTTACAATCCGAAGACCTTCAT
CCTCCACGCGGCGTTGCGTCGTCAGGCTTGCGCCCATTGCGAACAATTCCCCACTGCTGC
CTCCCGTAAGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGTCCGCCCTCTCAGGCCG
GCTACCGATCGTTGCCTTGGTGGGCCGTTACCTCACCAACTAGCTAATCGGACGCCGGCC
CCTCTCCAAACGCCAAGTTTTAAGAACCCCAGCTTTGATCTCCACCTGTTCAAAAAGCAA
GATGTTATGCGGTATTAACGTTCCTTTTGGGAAAGTTATTCCCCCATTCGAAAGTAGGTC
ACCCCCGTGTTACTCACCCGTTGGCCACTC
>A53.3.4
AGAGTTTGATCCTGGCTCAGGATGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAAC
GGACATCCCGCAAGGGATGTGAGTGGCGAACGGGTGAGTAACGTGTTGGTGACCTGCCCC
GAAGTGGGGGATACCAGTCCGAAAGGACTGCTAATACCCCATGCGCCCCCCGGGATTAGA
GGCCCGGGGAGCAAAGGTCCGCAAGGATCGCTTTGGGAGGGACCTGCGTCCCATCAGCAT
GGTTGGTAGGGTAACGGCCTACCAAGGCGATGACGGGTAGGGGACCTGAGAGGGTGGCCC
CCCACAATGGAACTGAAACACGGTCCATACACCTACGGGTGGCAGCAAGTAGGGAATATT
GCAAAATGGGCGCAAGCCCCGATGCCGCAACGCCGCGTGCGCGATGAAAGCCTTCGGGTC
GTAAAGCGCTTTTCGAAGGGATGAGGAAGGACAGTACCTCGGAATAAGTCTCGGCTAACT
ACCTGCCCGCAGCC
>A53.3.5
ACCGGGGCTGCTGGCACGTAGTTAGCCGTGGCTTATTCGTCGGGTACCGTCAGAACTTCT
TCCCCGACAAAAGAGGTTTACGACCCGAAGGCCTTCTTCCCTCACGACGGCGTCGCTGGG
TCAGGCTTTCGCCCATTGCCCAAGATTCCTCGACTGCTGCCTCCCGTAGGAGTAGGGGCC
GTGTCTCAGTCCCCTTCTGGCTGGTCGTCCTCTCAGACCAAGCTACCCGTCACAGGCTTG
GTAGGCTATTACCCCACCAACTACCTGATAGGACGCAGGCCCCTCCAGGTGGCGTCTTGC
GCTTTCCTCCCGCGGGGTTTCGCCGCGGGAACACATACGGTATTAGCCCTTCTTTCGAAG
GGTTATCCCCTACCACCGGACAGGTTACCTACGAGTTACTCAGCCGTCCGCCACTAACCC
GAAGGTCCGTTCGACTTGCATGCGTAAGGCGCGCCGCCAGCGTTCGTCCTGAGCCAGGAT
CAAACTCT
>A61.1.1
TAGTTAGCCGAGACTTATTCCGAGGTACCGTCCTGTCTCGTCCCTCAGAAAAGCGGTTTA
CGACCCGAAGGCCTTTGTCCCGCACGACGGCGTTGCTGCATCAGGCTGTCGCCCATTGTG
ACAATATTCCTCACTGCTGCCTCCCGTAGGAGTTTGGCCCGTGTCTCGTGCCCNGTGTGG
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GGGGTCACGCTCTCACGCCCCCTACGGATCATCGCTCTTTTTTAGGCCGTTACCCCACCA
AACCAGCTAATCCGCCGCAGGCCCATCCCAGCGTCTTGCGACTTTACTTATAGACCGAAC
TCATAAGCACATGCGGTATTAGCCCGCTTTCGCCGGAATTATTCCCCACTTCAGGGCAGG
TCGTGTCCGCGTTACTCCCCCGTGCGCC
>A61.1.2
TTAGCCGGGACTTATTCGCAAGGTACCGTAAGGACGGCCCCCTGTTACAGAGCCCGCCTT
CTTCCCTCGCAAAAGAGGTTTACGACCCAAGGGCCTTCTTCCCTCACGCGGCGTCGCTGG
TTCAGGGTTTCCCCCATTGACCAAGATCCCCCCCTGCTGCCCCCCGTAGGAGTCTGGGCC
GTCTCTCAGTCCCAGTCTGGCTGGCCATCCTCTCAGACCAGCTACCCGTCATCGGCTAGG
TGGGCCGTCACCCCACCTACTACCTGATGGGCCGCGAGTCCCGCCAGTCGCGCGAGGAGT
CTCCCCCGCTTTCCCGAGAGCGCTCTACGCCCCCTCGGCTTACGCGGTATTACCCGCTCT
TTCGAGCGGCTATCCCCCTCAACTGGATAGGTCCTCACGTGTTACTCAGCCGTCTGCCAC
TATCTGTCTCGGTTTCCCAAGACAGACCGTCCGACTTGCATGGGTAAGGCACGCCGCCAG
CGTTCGTCCTGAGCCA
>A61.1.3
ACCGGGGCTGCTGGCACGAAGTTAGCCGTGACTTCCCTCAGGGATAGATCAATGCGCTTG
CGCGCACTTTCGTCCCCCTGACAGCGGTTTACATCCCGAAGGACTTCGTCCCGCACGCGG
CGTCGCTGGGTCAGGCTTTCGCCCATTGCCCAATATTCGTTACTGCAGCCCTCCGTGGAG
GTCCGGACAGTGTCTCAGTTCCGATGTGCCGGGTCAACCTCTCAGTCCCGGTACCCGTTG
TAGCCTTGGTGGGCCATTACCTCACCAACTAGCTGATAGGAGAAAGGCCGCTCTCAAGCT
GATAAA
>A61.1.4
GAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACG
GGACTGGGGGCAACTCCAGTTCAGTGGCGGACGGGTGCGTAACACGTGAGGAACATGACT
TTCGGCGGGGGATAGCCGGCCCAACGGCCGGGTAATACCGCGTACGACCTCTCGGGGACA
TCCCCGGTTGGTGAAAGCAGCAATGCACCGAAAGAGTGCCTCGCGGCCTATCAGTTCTAT
TTTGGTGAGGTAATGGCTCACCAAGGCGACGACGGGTAAGCTGGTCTGAGAGGATGGCCA
GCCACATTGGGAACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATCTT
GCGCAATGGGCGAAAGCCTGACGCAGCGACGCCGCGTGAAGGAAGAAGGCCTTCGGGTTG
TAAACTTCTGTGACAGGGGAAGAAAGAAATGACGGTACCCTGAAGGAAGCCACGGCAAAC
TACGTGCCAGCAGCCCCGGT
>A61.1.5
AGAGTTTGATCCTGGCTCAAAATCAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAAC
GCGAAAATCCCCGCAAGGGGATGAGTAGAGTGGCGTCCGGGTGAGTAAACGCGTGGGTAA
TCTACCTCCGGGTGGGGAATAACCCAGGGAAACTTGGGCTAATACCGCATAATGCAGCGG
CTCGACATCGAGACAGTTGTTAAAGCAGCAATGCGCCTGGAGAAGGAGCCCGCGTCTCTT
ATTAGCTAGTTGGTGAGGTAACGGCCCACCAAGGCAACGATCGGTAGCTGGTCTGAGAGG
ACGGCCAGCCACAATGGCACTGAAACACGGGCCATACTCCTACGGGAGGCAGCAGTAACG
AATTTTCCGCAATGCGCGCAAGCGTGACGGAGCAATGCCGCGTGCAGGATGAAGCCTTCG
GGGTGTAA
>A61.2.1
TTTGATCCTGGCTCAGAGACGAACGCTGGCGGCGCGCCTTACGCATGCAAGTCGCACGGA
CCTTCGTGTGTTAGTGGAACACGGCTGCATTAACACCTCGGTAACCTATCCATCCAGTGG
CGGGGGATAACCCTTCGAAAGAAGGGCTAATACCGCGTAAGTTCCCGGAGTGAGACTCTC
CGGGAGGAAAGCAGCAATGCGCCACTTGAGGGGCCTGCGTCCTATCAGGTAGTTGGTGGG
GTAATAGCCTACCAAGCCTGTGACGGGTAGCTGGTCTGAGAGGACGACCAGCCAGAAGGG
GACTGAGACACGGCCCCTACTCCTACGGGAGGCAGCAGCGAGGAATCTTGGGCAATGGGC
GAAAGCCTGACCCAGCGACGCCGCGTGGAGGATGAAGCCTTCGGGTCGTAACTCCTTTGT
GAGGAGAGTCTGACGTAC
>A61.2.2
ACCGGGGCTGCTGGCACGGAGTTAGCCGGGGCTTCCTCGTAGGGTACCGTCAACAGCCGA
AGATATTACCTCGACCGCTTTCGTCCCCTCCGACAGGAGTTTACAACCCGAAGGTCTTCG
TCCTCCACGCGGCGTTGCTTGTTCAGGGTTGCCCCCATTGACAAAAATTCCCCACTGCTG
CCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGTCCGCCCTCTCATTGC
CGGCTACCGATCGTAGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATCGGGCGCGGG
CTTCTCCTTAGGCGCCAGGCCCCGAAGGGTCCCCGGCTTTGAGCCTCCACTCTTATGAAT
GAAAGGGTGTCATGCGGTATTAGCTCAGTTTCCCTGAGTTATTCCCCCACCCAGGGCAAA
TTACCCCCGTGTTACTCACCCGTCCGCCGCTATACTCGGGGACCGAAGTCCCCTTTCCGC
TCACTGCTTGTGTAGGCCGCCGCCAGCGTGATCTGAGCC
>A61.2.5
ACCGGGGCTGCTGGCACGGAGTTAGCCGATGCTTATTCCCAGGGTACCGTCAATTGCGTA
ACGCGTACGCAAGTTTCTCCCCCTGGAAAAGCAGTTTACAACCCATAGGGCCGTCTTCCT
GCACGCGGGATGGCTGGTTCAGGCTTGCGCCCATTGACCAATATTCCTCACTGCTGCCTC
CCGTAGGAGTCTGGTCCGTGTCTCAGTACCAGTGTGGGGGATCACCCTCTTTTTTTGACC
CCTAAACATCCAAAGCCCTTGGTAAGCCGTTACCTTACCAACTAGCTAAATGTTACGCAT
GCCCATCCCGTAACCGCCGGAAACTTTAAATATCAAAAGATGCCTTCCGATATTTCTATG
GGATATTAGTTCGAATTTCTCCGGGTTATCCCCTGTACAGGGTAGGTTACATACGCGTTA
CTCCCCCGTTTGGCGGTCGCCCCCAAGTATTGCTCCCCCCGTGCGGCCCCTCCACTTGCT
TGTGTTAAG
>A61.3.5
TTGATCCGGCACGGACAAACGCGGCGGCTGCTTAAACCTGCAGTAGGGGGCCCGCAGGGT
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CACCGGCGAACGGGTGCGTAACACGTGAACAACCTGCCCGAGCGAGGGGGATAGCCGGCC
TAACGGCCGGGTAATACCGCATATGCTCACAGTGCCTTATGGCGCAGTGAGGAAACCTTC
GGGGCGCTCGGAGGGGTTCGCGACCTATCAGCTAGTTGGTTTGTAACGGCTCCCCAGGCA
ACGACGGGTAGCTGGTCTGAGAGGATGGCCACCCACCTTGGGACTGCGACACGGCCCCGA
CTCCTACGGGAGGCAGCGGTGGGGAATATTGCGCCATGGGCGAAAGCCTGACGCCGCAAC
GCCGCGTGAGTGATGAAAGCCTTCGGGTGTAAAGCTCTGT
>A62.1.1
TGATCCTGGCTCAAATTGAACGCGGCGCATGCCTTAACGCATGCAGTCGAACGGCAGCGG
GGGCTTCGGCCTGCCGGCGAGTGGCGAACGGGTGAGTACTGCTTCGGAACGTACCCCGTC
ATGGGGGATTCTACGCCGACCGCCGTTTCTTATACCCGCATTCGCCCTGAGGGGGAAAGC
GGGGG
>A62.1.2
ACCGGGGCTGCTGGCACAGAGTTAGCCGGGGCTTCCTTTGCTGGTACAGTCAACGGCGAA
CGGTATTAGCGCCCGCCGATTTCTTCCCAGCCGACAGGAGTTTACAACCCAAAGGCCTTC
ATCCTCCACGCGGCGTTGCTGCGTCAGGCTTTCGCCCATTGCGCAAGATTCCCCACTGCT
GCCTCCCGTAGGAGTCCGGACCGTGTCTCAGTTCCGGTGTGACTGATCATCCTCTCAGAC
CAGTTACGGATCGTCGCCTTGGTAGGCCTTTACCCTACCAACTAGCTAATCCGACGCAGG
CTCATCTGATAGCGCTAGGCCCGAAGGTCCCCAGCTTTCCCCCGTAGGGCGTATGCGGTA
TTAGCGTCCCTTTCGAGACGTTGTCCCTCACTACCAGGCAGATTCCTACGTGTTACTCAC
CCGTTCGCCGCTCTTCTGACCGAAGCCAAAATCGCTCGACTGCATGTGTTAGGCTGCCGC
CAGCGTTCAATCTGAGCCAGGATCAACTCT
>A62.1.4
AGAGTTTGATCCTGGCTCAGAACGAACGTTGGCGGCGTGGATTAGGCATGCAAGTCGAAC
GCGAAAGGGTAGCAATACCCGAGTAAAGTGGCGAACGGGTGAGATAACGCGATAGGAAAC
CTGCCTTCGAGTGGGGGATAACATTCCTAACGGGATGCTAATACCGCATGAAACTGAGAG
GTCGCATGGCCTCACAGTCAAAGGTGGCCTCTATTTATAAGCTACCGCTCAAAGATGGTC
CTGCGTCCCATTAGCTAGTTGGTGGGGTAACGGCTCACCAAGGCTCCGATGGGTAGCCGA
TCTGAGAGGATGACCGGCCACACTGGGACTGAGATACGGCCCAGACTCCTACGGGAGGCA
GCAGTCGAGAAGCTTCGGCAATGGGGGAAACCCTGACCGAGCGACGCCGCGTGGAAGATG
AAGGCCTTTGGGTTGTAAACTCCTGTCATGAAGGAAGAAACGTCACCGTTCGAATAGGCG
GTGAATTGACGGTACCTCAAGAAGAAGCTCCGGCTAACTCCGTGCCAGCAGCCCCGGT
>A62.1.5
AGAGTTTGATCCTGGCTCAGAATCAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAAC
GCGGTTACTCCCGCAAGGGAGTAACTGAGTGGCGAACGGGTGAGTAACACGTGGGTGACC
TACCTTCGAGTGGGGGATAACGTCCCGAAAGGGACGCTAATACCGCATGACATCCTGCCT
TTGAACAGGCGGAGATCAAAGCCGGGGATCGCAAGACCTGGCGCTCGTTGAGGGGCCCGC
GCCCGATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATCGGTAGCCGGCCTG
AGAGGGCGGACGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAG
TGGGGAATTGTTCACAATGGGCGCAAGCCTGATGACGCAACGCCGCGTGGAAGATGAAAG
TCTTCGGATTGTAAACTCCTGTTGCTCGGGAAGAACGGCTCCGACCTAACACGTCGGAGT
TTGACAGTACCGGGTGAGGAAGCCCGGGCTAACTCTGTGCCAGCAGCCCCGG
>A62.2.3
AGAGTTTGATCCTGGACTCAGAATCAACGCTGGCGGCGTGCGTAACACATGCAAAGTCGA
ACGGGAAAGCGGGGGCAACTCCGTGAGTATAGTGGCAGACGGGTGAGTAACACGTGAACA
ATCTACCCTTGAGAGTGGAATAACCCCGCGAAAGCGGGGCTAATACCGCATAACATCCCT
GGGTCGCATGGCTTGGGGATCAAAGGCTTCGGTCACTCAAGGAGGAGTTCGCGACTGATT
AGCTAGTTGGTGAGGTAACGGCCCACCAAGGCAACGATCAGTAGCCGGCCTGAGAGGGCG
TACGGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAAT
TTTGCGCAATGGGCGAAAGCCTGACGCAGCAACGCCGCGTGGAGGATGAAGGCCTTCGGG
TCGTAAACTCCTGTCAGGGGGGACGAAACGCTCGGCAACGGGCTTGACTGTACCCTCTGA
GGAAGCCACGGCTAACTCGTGCCAGCAGCCCGGT
>A62.2.4
ACCGGGGCTGCTGGCACAGAGTTAGCCGGTGCTTCCTTTGAGGGTACCGTCACCTCACAC
GACTATTAGCCGTATCAGGCATCTTCCCCTCCGACAGGGCTTTACGATCCGAAGACCTTC
ATCACCCACGCGGCGTTGCTGCGTCAGGATTGCTCCCATTGCGCAAGATTCCCCACTGCT
GCCTCCCGTAGGAGTCTGGACCGTGTCTCAATTCCAGTGTGGCTGATCATCCTCTCAGAC
CAGCTACCCGTCTTTGGCTTGGTGAGCCGTTACCTCACCAACTACCTGATGGGCCGCAAC
CCCCTCCTCAAGTGCTTGGCCCCGAAGGGTCCCAATCTTTTCCCTCAGCCCCAAGGCCGT
GGGCTTACCCGGTATTAGCCACCCTTTCGAATGGTTATCCCGATCTCGAGGACAAGTCAG
TTACGTGTTATGCACCCGTGCGCCACTCTACTCAGCATTACTGCTTTTCGCGTTCGACTT
GCATGTGTTAGGCACGCCGCCAGCGTTCGTTCTGAGCCAAGATCAAACTC
>A62.3.1
ACCGGGGCTGCTGGCACGGAGTTAGCCGATGCTTATTCGTACGGTACCGTCAATCCCGGT
CACGACCAGGAGTTTCGTCCCGTACAAAAAAGAAGTTTACAAACCCATAAGGGCATTTCA
TCCTTCACGCGGCATGGCTGGGTTCAGGGCTTGCCGCCCCATTGCCCCAATATTCCTCAC
TGCTGCCTCCCGTAGGAGTCTGGTCCGTGTCTCAGTACCAGTGTGGGGGATCATCCTCTC
AGACCCCCTAACCATCGTAGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGGCACG
CATGCCCATCTTTAAACCGCCGGAGCTTAATCACTAAAAGATGCCTTTCTATGATCTTAT
GGGGTATAATTCCAAATTTCTCCGGGCTATCCCCCAGTTAAAGGAAGGTTGCATACGCGT
AACTACACCCGTGCGCCGGTCGTCAGCGATATTGCTACCCTGTAACCCCTCAACTGGCAT
GTGTAAGGCCTGCCGCCAGCGTCATCCTGAGCCAGGATCAAACTCT
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>A62.3.2
ATCCTCCAACGCGGGCGATCGCGTCGTCAGGGTTTCCCCACATTGCGAAAAGAATTCTCG
AACTGCAGCCACACCGTAAGGTGGTCTGGAACAAGTGGTCTCAGATTCCAAGTTGGTGGA
CTGACCATCCTACTCAGACCAAGCTAACCCCGGTCTTTAGCCCTTGGGTGAGACCATTAA
CCTCNCCAAACTAGCTGATAGGCCGCGGGCCCATCCAGGGGTGATAGGTCCTTACGGATC
CCCATCTTTCCCCTATGTTTCGAAAAACATAAGACGTATCCGGTATTAGCCCGTCTTTCA
ACAGGTTATCCC
>A62.3.5
ACCGGGGCTGCTGGCACGGAGTTAGCCGGGGCTTCTTCTCTCGGTAACCGTCACTCTCCG
GATTGTTCAACCCGGAAGCCGTTCGTCTCGATCGAAAGGAGTTTACGACCCGAAAAGGTC
TTCATCCTCCACGCGGCGTTGCGTCGTCAGGCTTGCGCCCATTGCGAACAAATTCCCCAC
TGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGTTCGCCCTCTC
AGGCCGGCTACTGATCGTTGCCTTGGTGAGCCATTACCCCACCAACTAGCTAATCAGGCG
CGGGCCCCTCTTCAAGCGCTGGGTCTTGCGATCCCCAGCTTTGATCTCCGCCTCTTCAAA
GGCAGGATGTCATGCGGTATTAGCGTCCCTTTCGGGACGTTATCCCCCACTCGAAAGCAG
GTCACCCACGTGTTACTCACCCGTTTGCCACTCTACTTACCCCTTGCGGGGCTTTCGCGT
TCGACTTGCATGTGTTAAGCACGCC
>A63.1.3
GAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAGCG
GTAACAGGTGTAGCAATACATGCTGACGAGCGGCGGACGGGTGAGTAACGCTTGGGAATC
TGCCTGATAGTGGGGGACAACCCGGGGAAACTCGGGCTAATACCGCATACGCACTACGGT
GGAAAGCCGGGGACCGCAAGGCCTGGCGCTAACAGATGAGCCCAAGTCGGATTAGCTAGT
TGGTAGGGTAACGGCCTACCAAGGCGACGATCCGTAACTGGTCTGAGAGGACGACCAGTC
ACACCGGAACTGAGACACGGTCCGGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGAC
AATGGGCGAAAGCCTGATCCAGCGACGCCGCGTGGGTGAAGAAGGCCTGCGGGTTGTAAA
GCCCTTTCGGTGGGGAAGAAAAGCCTCGAGTTAATACCTCGGGGTCTTGACGTAACCATA
GAAGAAGCACCGGCTAACTCGTGCCAGCAGCCCGGT
>A63.1.4
ACCGGGGCTGCTGGCACGTAGTTAGCCGGTGCTTCTTCTTCCGGTACCGTCAGTAGACCG
GTTATTCGCCAGGCCCGTCGTTCGGCCGAAAGAGCTTTACAACCCGAAGGCCTTCTTCAC
TCACGCGGCGTCGCTGCATCAGGCTTGCGCCCATTGTGCAATATTCCCCACTGCTGCCTC
CCGTAGGAGTCTGGGCCGTATCTCAGTCCCAGTGTGGCCGGACACCCTCTCAGGCCGGCT
ACCCGTCGTCGCCTTGGTAGGCCATCACCCCACCAACAAGCTGATAGGCCGCGGGCCCAT
CCCACACCGCAAAAGCTTTCCCCCACAAAACATGCATCCCATGAGGAATATTCGGTATTA
GACCCAGTTTCCCAGGCTTATCCCAAAGTGCAGGGCAGATCACCCACGTGTTACTCACCC
GTTCGCCACTCGAGTCACCCAACCGAAGCCGGGCACTTTCCGTTCGACTTGCATGTGTTA
AGCACGCCGCCAGCGTTCGTCCTGAGCCAGGATCAAACTCT
>A63.1.5
GGCTGCTGGGCCACGTAAGTAAAGCCGTGGGCTTAATTCGTTCAAGATAACCCCGTCATT
ATCGGTTCCCTGAAACAAAAAGAAAGTTTTAACAAACCCGAAAAGACCGGTCATCCCTCA
CGCGGTGATCGCTGCGGTCAGACTTTCGTCCATTGACGCAAAATTCCCGACTGCTGCCTC
CCGTAAGAATCTGGACCCTGTCTCAGGTCCCAGGTCTGGGATGAATCGTCCACCTCAGAC
CACCTACCGATCGTCGCC
>A63.2.2
AGAGTTTGATCCTGGCTCAGAATCAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAAA
CGCGAAAGCCCCGCAAGGGGTAAGTAGAGTGGCAAACGGGTGAGTAACACGTGGGTGATC
TGCCTCAGAGTGGGGGATAACGACCCGAAAGGGTCGCTAATACCGCATAACATCCTGCCT
TTGGATAGGTGGAGATCAAAGTTGGGGATCCGCAAGGACCTGACGCTTAGAGAGGAGCCC
GCGGCCGATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATCGGTATCCGGCC
TGAGAGGGCGGACGGACACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGC
AGTGGGGAATTGTTCGCAATGGGCGCAAGCCTGACGACGCAACGCCGCGTGGAGGACGAA
GATTTTCGGATCGTAAACTCCTTTCGATCGGGAAGAACAGCTCATAGGGTTAATAGCCCT
GAGAGTCTGACGGTACCGAGAGAAGAAGCCCCGGCTAACTCCGGGCCAGCA
>A63.2.3
AGAGTTTGATCCTGGCTCAGAACGAACGCTGGCGGCGTGCTTAACACATGCAAAGTCGAA
CGCGAAAAGGGACTTCGGTCCTGAAGTAAAGTGGCGCACGGGTGAGATAACACGTGGATA
ATCTACCCGATACTCCGGAATAACATTTCCGAAAGGAGTGCTAATACCGGATAAGCCCAC
GGGCTCTTTGGAGCTTGCGGGAAAAGGTGGGGACCTTCGGGCCTAACTGATATCGGATGA
GTCCGCGGCCCATTAGCTAGATTGGTGAGGTAATGGCTCACCAAGGCAACGATGGGTAGC
TGGTCTGAGAAGATGATCAGCCACACTGGAACTGAGACACGGTCCAAACTCCTACGGGAG
GCAGCAGTGGGGAATTTTGCGCAATGGGCGAAAGCCTGACGCAGCAACGCCGCGTGAGTG
ATGAAAGCCCCTCGGGATCGGTAAAGCCTCTGGTCAGAAGGGAAGAAA
>A63.2.4
AGAGCTTTACGACCCAAAGGCCTTCATCACTCACGCGGCGTTGCTGCGTCAGGGTTGCCC
CCATTGCGCAAAATTCCCCACTGCTGCCTCCCGTAGGAGATCTGGACCGTGTCTCAGTTC
CAGTGTGGCTGATCATCCTCTCAAACCAGCTACCGATCGCAGCCTTGGTAGGCCATTACC
CCACCAACAAGCTAATCGGACGCGGGCCCCTCGAAAAGCGGCCTTTCGAACTTTGCCCCT
CGGGGCACATGCCGTATTAGCCACCGTTTCCAGTGGTTATTCCCCACTTCTCGAAAGATT
CCCACGCGTTACTCACCCGTGCGCCACTGAACCCGGAAGGGTTCTTTCGACATGCATGTG
TTTAGCATGTCGCCAACGTTCGTTCTG
>A63.2.5
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CTGCTGGCCCTTATGTTAGCCGGGGCTTCTTCTTACAGGTATACCCGTCACCCTCTGGGG
CTGGTTTAAACCCGAGTAGCTTCGTCCCTGCTGAAAGAAGTTTACAACCCGAAGGCCTTC
TTCCCTCACGCGGCGTCGCTGCCTTCAGGCTTTCGCCCATTGCGCAAGATTCCCCACTGC
TGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGATCGTCCTCTCAGA
ACAGCTACGGATCCGAGACTTGGGTGGGCCATTACCCCACCAACAAGCTAATCCGCCGCG
GACCCATCCTCGGCCGGAAGCCGAAGCTACCTTTTCCGACCGAACCGAGAGTCTGAAGGG
CCATCCGGTATTAATCCGGGTTTCCCCGGGCTATCCCGGTGCCGAAGGCAAGTTATCCAC
GTGTTACTCACCCGTTCGCCGCTGTCCCCGAAGCCGAAGCCTCGGTT
>A63.3.2
GTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCTTAATGGATGCGAGTCGAGACGA
GAACCGGCGGAAAGAAGCTTCGGCCAATGGAAACCGGGGACAGCGGCAAACGGGTGAGTA
ACACGTGGGTAACGTGCCCTTCAGTCGGGAACAACAGTGGGAAACTGCTGCTAATGCCCG
ATAGTCTGAGAGAATCGCCTGGTTTTCTCAGTAAAGCTCCGACGCTGAAGGATCGGCCCG
CGGCGGATTAGCTTGTTGGTAAGGTAACGGCTTACCAAGGCGACGATCCGTAGCCGGTCT
GAGAGGATGACCGGCCACACTGGGACTGAGACATGGTCCAGACTCCTACGGGAGTTAGCA
TCAGGGAATCTTGCGCAATGGGCGAAAGCCTGACGCAGCGACGCCGCGTGAGGGATGAAG
GCCTGCGGGTCGTAAACCTCTGTCAGAAGGGACGAATACAATGACGGTACCTTCTGAGGA
AGCCCCGGCTAATTACGTGCCAGCAGCCCCGG
>A63.3.4
ACCGGGGCTGCTGGCACAGAAGTTAGCCGGTGCTTCTTCTCCCGGTACCGTCAAACCGTT
GGATGTTAGCCACGGGTTTTCGTCCCGGTCGAAAGTGCTTTACGACCCGAAGGCCTTCAT
CACTCACGCGGCGTTGCTGCGTCAAGCTTTCGCCCATTGCGCAATATTCCCCACTGCTGC
CTCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGATCATCCTCTCAGACCA
GCTAACCATCTTTGCCTTGGTAGGCCGTTACCCTACCAACTAGCTAATGGTGCGCAGGCC
CATCTCTAAGTGATAGCTTGCAAGCAGAGGCTACCTTTGACCCCTGTTCCCGCAGAAACT
GTGGTCTTATTCGGTATTAGCTCATCTTTCGACGAGTTATCCCAATCTTAGAGGCAGGTT
ACCCACGTGTTACTCACCCGTGCGCCACTTTACTCGGAGCCGAAGCCCCTTCTCGTTCGA
CTGCATGTGTAGGCCGCGCCAGCGTCGTCTGAGCAGATCAA
>A63.3.5
AGATTGAACGCTGGCGGCATGCTTTACACATGCAAGTCGAACGGCAGCACGGGGGCAACC
CTGGTGGCGAGTGGCGAACGGGTGAGTAATGCATCGGAACGTGTCCTTAAGTGGGGGATA
ACGCACCGAAAGGTGTGCTAATACCGCATAATCTCTACGGAGAAAAGCAGGGGATCGCAA
GACCTTGCGCTTTTGGAGCGGCCGATGTCTGATTAGCTAGTTGGTGAGGTAAAGGCTTAC
CAAGGCGTCGATCAGTAGCTGGTCTGAGAGGACGACCAGCCACACTGGGACTGAGACACG
GCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGGGAAACCCTGATC
CAGCCATGCCGCGTGAGTGAAGAAGGCCTTCGGGTTGTAAAGCTCTTTCAGCCGGAACGA
AACGGTCACAGCTAATACCTGTGACTACTGACGGTACCGGAAGAAGAAGCACCGGCTAAC
TACGTGCCAGCAGCCCCGGT
>A71.1.1
AGAGTTTGATCCGGCTCGGACAACACGGCGCTGCCTAACACTGCAGTCGAGCGGGAACCT
CAGGAGGGGTAACCCTTCTGAGGGGAGAGACGGCGAACGGGTGAGTAACACGTGGGACAA
CCTGCCCCGGACACCGGGATAACCCAGGGAAACCTGAGACTAATACCGGATACTCCGGCG
TGATCGCATGGTCGCGACCGGGAAAGCTCCGACGGTCCGGGATGGGCCCGCGGCCTATCA
GCTTGTTGGTGGGGTAACGGCCCACCAAGGCGACGACGGGTAGCTGGTCTGAGAGGACGG
CCAAGCCACACTGGGACTGAGACACGGCCCAAGACTCCTACGGGAGGGCAGCAGTGGGGG
ATCTTGCGCTAATGCGCGAAAGCGTGACGCAGCGACGCCGCGTGGGGGATGAAGGCCCTC
GGGTTGTAACCCCCTTTCGGCAGGNACGAAGGGAAACTGACGGTACCTGCAGAAGAAGTC
CCGGCTAACTACGTGCCGCCGCCCCGGT
>A71.1.3
ACCGGGGCTGCTGGCACAGAGTTAGCCGGGGCTTCCTCACTCGGTACCGTCACACTCCAA
CGTATTAGGTTGGAGCCATTCGTCCCGAGCAACAGGAGTTTACAATCCGAAGACCTTCAT
CCTCCACGCGGCGTTGCGTCATCAGGCTTGCGCCCATTGTGAACAATTCCCCACTGCTGC
CTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGTCCGCCCTCTCAGACCA
GCTACCGATCGTCGCCTTGGTGGGCTCTTACCCCGCCAACTAGCTAATCGGACATCGGCC
GCTCCAATAGCGCGAGGCCTTGCGGTCCCCCGCTTTCACCCGTGGGTCGTATGCGGTATT
AGCCTCGATTTCTCGAGGTTGTCCCCCACTACTGGGCACGTTCCGATGTATTACTCACCC
GTTCGCCACTCTACTTGGGGTTGCCCCCTTTCGCGTTCGACTTGCATGTGTAAGGCATGC
CGCCAGCGTTCAATCTGAGCCAGGATCAAACTCT
>A71.1.4
GATGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGTGAACCTTGTACTTGTATA
GGGTGAAAGTGGCGAACGGGTGAGTAACACGTTGGTGACCTGCCCCGAGATGAGGGATAA
CTCCTTGAAAGAGGAGCTAATACCTCCGATGTCTGGATTGTTAGAGGGTCCAGACTAAAG
CTCCGGCGTCTGGGGAGGGGCCTGCGGGCTATCAGCTAGTTGGTGGGGTAAGAGCCTACC
AAGGCGAAGACGGCTAGGGGGCGTGAGAGCGTGACCCCCCACAAGGGAACTGAGAGACGG
TCCCTACTCCTACGGGAGGCAGCAGTGAGGAATATTGAGCAATGGGCGCAAGCCTGACGA
CGCAACGCCGCGTGGAGGATGAAGACCTTCGGGTCGTAAACTCCTTT
>A71.1.5
GTTTGATCCTGGCTCAGGATGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAACGGG
GGTAGTTGTTCGTAAGGATGGCTATCCTAGTGGCAGACGGGTGAGTAACACGTAGTTGAC
CTACCCTGAAAAGGGGGATAACGTTCCGAAAGGGATGCTAATACCCCATAAGCACCAGAG
GTTAGAGGCTCGGTGTGAAAAGGAGCAACATCGAAAGATGTCATCCGTTTCAGGAGGGGA
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CTGCGGCCCATCAGCTAGTTGGTGAGGTAGTGGCCCACCAAGGCGAAGACGGGTAGGGGG
CCTGAGAGGGTGGTCCCCCACACGGGCACTGAGAGACGGGCCCGACTCCTACGGGAGGCA
GCAGTAGGGATATTGCACAATGGGCGCAAGCCTGATGCAGCAACGCCGCGTGCACGAGGA
AGGCCTTCGGGTCGTAAAGTGCTTTTCTGGGAGACGAGGAAGGACGGTACCCCAGGAAAA
AGTGTCGGCTAACTACGTGCCAGCAGCCCGGT
>A71.2.1
ACCGGGGCTGCTGGCACGAAGTTAGCCGGGGCTTCTTCTCCGGTTACCGTCATTATCTTC
ACCGGTGAAAGAGCTTTACAACCCTAGGGCCTTCATCACTCACGCGGCATGGCTGGATCA
GGCTTGTCGCCCATTGTCCAATATTCCCTACTGCTGCCTCCCGTAGAGTCTGGGCCGTGT
CTCAGTCCCAGTGTGGCTGATCATCCTCTCAGACCAGCTATGGATCGTCGCCTTGGTAAG
CCATTACCCCACCAACTAGCTAATCCAACGCGGGCTCATCCAAACGTCCGATAAATCTTT
CTCCTATCGGACGTATACGGTATTACGCCCAAGTTTCCCTGGGTTATTCCGAACAGCTGG
GTAGATTCCCACGCGTTACTCACCCGTCTGCCGCTCGTATTGCTACGCACTCGACTAGCA
TGTATTATGCCTGCCGCCAGCGTTCGTTCTGAGCAGGATCAACTCTAAT
>A71.2.2
AGAGTTTGATCCGGCTCAGAACAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGG
GGGTAGGGGGCTTGCTCCTTACTCTAGTGGCGCACGGGTGAGTAACGCGTGGATAATCTG
CCCTGGTATCCGGGATAACACTTCGAAAGGGGTGCTAATACGGGATAAGCCCACGAAGGC
TTAGGTTTTTGCGGGAAAAGGTGGCCTCTGATTCAAGCTACCGTACCAGGATGAGTCCGC
GTCCCATCAGCTAGTTGGTAGGGTAACGGCCTACCAAGGCGACGACGGGTAGCTGGTCTG
AGAGGACGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAG
TGGGGAATATTGGACAATGGGGGCAACCCTGATCCAGCAATGCCGCGTGTGTGAAGAAGG
CCTGCGGGTTGTAAAGCACTTTCAGCGGAGAAGAAAAAATCGGAGCTAACATCTCCGTCT
GACGTAATCCTAAAGAGCACCGGCTAACTCCGTGCCAGCACCCCGGT
>A71.2.3
ACCGGGGCTGCTGGCACAGAGTTAGCCGGTGCTTCCTTTGGAGGTACCGTCAGAGCTTCG
TCCCTCCCGACAGTGGTTTACAACCCGAAGGCCGTCATCCCACACGCGGCGTCGCTGCGT
CAGGCTTTCGCCCATTGCGCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGT
GTCTCAGTCCCAATGTGGCTGATCATCCTCTCAGACCAGCTACCCGTCGTCGCCTTGGTG
AGCCATTACCTCACCAACTAGCTGATAGGCCGCGAGGCACCTTTCCGGCGCATTGCTGCT
TTCCGACACGAGGGATGCCCCTCGCGCAGCGTAAGCGGTATTACCCGGCCGTTGGGCCGG
CTATCCCCCACCGGAAGTCATGTTCCTCACGTGTTACGTACCCGTTCGCCACTGACCCTT
GCGGGCCCGTGCGACTTGCATGTGTTAAGCACGCCGCCAGCGTTCGTCCTGAGCCAGGAT
CAAACTC
>A71.2.4
GACTAACGCTGGCAGTGTGCCTTACACATGCAAGTCGGACGGGGGACTTCGGTCCCTAGT
GGCAAACGGGTGAGTAATGGATAGATAATCTACCGGGAAGATGGGGATACCCCCTCGAAA
GAGGGAACAATACCCAGTACGCTCCGCAAGGAGGAAAGGTGGTGCAAGCCACCGCTTTCC
GACGAGTCTATCTCCTATCAGCTAGTTGGTGAGGTATTGGCTCACCAAGGCGATGACGGG
TAGCTGGTCTGAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACG
GGAGGCAGCAGTGGGGAATTTTGGGCAATGAGCGGAAGCTTGACCCAGCGACACTGCGTG
GGCGATGAAGATCTTTGGATTGTAAAGCCCTTTTNTAAAAGAGTAGGGAGATGGTTTGGA
AATGAGCTGTCTCTGCCAGTTTTTATGAAT
>A71.2.5
GTGCTCCTTGAGGTACCGTCAGTACCACTATTGGGTCGGCAAGATTTCGTCCCTCCCGAC
AGGGCTTTACGACCCGAAGGCCTTCATCACCCACGCGGCGTCGCTGCGTCAGGCTTTCGC
CCATTGCGCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCC
AGTGTGGCTGATCATCCTCTCTTACCGGCTAGCCCTCTTCGCCTTGGTGAGCCATTACCT
CACCACTAGCTATGGCGCGCAGGCCCATCTCGGGGGGATAGCGTGCAGCAAGGCCCATCT
TTTACCTCAGGGCCAGCCCTCGTGGTCTTATCCGGTATACCCGTCTTTCGACNGGTTTTC
CCGACCCCCAGTAGTTACCTCGTGTTACTCACCCGTTCGCGTGTCTCGCTCCCCGAGGGG
ACTTCCGCTCGATTGCCTGTGT
>A71.3.1
CAGTCACGGCAACGGGTGAGTAACACGTGGATTATCTACCCTAAGGTGGGGAACAACCCG
GGGAAACTCGGGCTGATACCGCATGATACCGAAAGGTCAAAGGGGGCTCGCAAGGGCTTC
CGCCATAGGAGGAGTCTGCGTCCGAATTAGCTAGTTTGGTAGGGTAATGGCCTACCAAGG
CGACGATCGGTAGCCGGCCTGAAGAGGGGTGATCGGCCACACTGGAACTGAGACACGGTC
CAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGCGCAATGGGCTAACGCCTGACGCAA
CAACGCCGCGTGGAGGATGAAGGTCTTTGAATTGTAACCTCCTGTCAGCAGGGAAAAGCG
ACTCGACTATACTCGGGAGTGATTGTCCTGCAAGAACCCGCTACCTCGTGC
>A71.3.2
AATTCGCCTTAGAGTTTGATCCTGGCTCAGGATGAACGCTGGCGGCGTGCTTAACACTGC
AGTCGAACGATTAAAGCCCCTTCGGGGGTGTATAGAGTGGCGAACGGGTGAGTAACACGT
GGGGAACCTGCCCTTCTCTCTGGGATAACCTCGGGAAACCGAAGCTAATACCGGATACTC
CTTGCGGACCGCATGGTCTGCTCGGGAAAGCTCCGGCGGAGATGGATGGCCCCGCGGCCC
ATTAGCTTGTTGGTGGGGTAATGGCCCACCAAGGCGACGATGGGTAGCCGAGCTGAGAGG
CTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGG
AATTTTGCGCAATGGGCGAAAGCCTGACGCAGCAACGCCGCGTGCGGGATGAAGGCCTCG
GGTCGTAAACCGCTTTCAGCAGGATGAAAATGACAGTACCTGCAGAAGAAGCCCGGCTAA
TACGTGCAGCAGCCCGGT
>A71.3.3
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ACCGGGGCTGCTGGCACGGAGTTAGCCGGAGCTTATTCTCCCGGTACTGTCATTATCATC
CCGGGTAAAAGAGCTTTACAACCCTAAGGCCTTCATCACTCACGCGGCATTGCTGGATCA
GGCTTTCGCCCATTGTCCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGT
CTCAGTCCCAGTGTGGCTGATCATCCTCTCAGACCAGCTACGGATCGTCGCCTTGGTGAG
CTCTTACCTCACCAACTAGCTAATCCGACGCGGGCTCATCCAAAGGCAATAAATCTTTGG
TCCGAAGACATTATCCGGTATTAGCACGGGTTTCCCCGAGTTATTCCGAACCTTTGGGCA
GATTCCCACGCGTTACGCACCCGTGCGCCACTAGACCCGAAGGTCTCGTTCGACTTGCAT
GTGTTAGGCATGCCGCCAGCGTTCGTTCTGAGCCAGGATCAACTC
>A71.3.4
CCCACGGACAGGACTCCACAACCCGAAGGCCTTCATCGGCCACGCGGCGTCGGGTTGTCC
GGGTTTCCCCCATAGCGCAAGATTCCTCACTGCTGCCTCCCGTAGGAGTGTGGACCGTGT
CTCAGTTCCACTGTGGCCGGTCGCCCTCTCAGGCCGGCTACCCATCGGAGCCTTGGTGAG
CCGTTACCTCACCAACTAGCTAATGGGCCGCGGGCCCCTCCCCAGACGCCAACTTTCATG
AAGAGGTCAGCTTTGATCGCATGGTCCGAAGACCGCGCGATGTCATTCGGTATTAGCCCG
CCTTTCGGCAGGTTATTCCGAATCCAGGGGCAGGTACCCACGTGTACTCACCCGTTCGCC
ACTGTACCGGGG
>A71.3.5
ACCGGGGCTGCTGGCACGAGTTAGCCGGTGCTTCCTTTGGAGGTACCGTCATTGATTTCG
TCCCTCCCGACAGTGGTTTACAACCCGAAGGCCGTCATCCCACACGCGGCGTCGCTGCGT
CAGGCTTTCGCCCATTGCGCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGT
GTCTCAGTCCCAGTGTGGCTGATCATCCTCTCAGACCAGCTACGGATCGTCGCCTTGGTG
AGCCGTTACCTCACCAACTAGCTAATCCGACGCGGGCCCATCCAATGGCGATAAATCTTT
CCCCCGAAGGGCTTATCCGGTATTACCCCAAGTTTCCCTGGGCTATTCCGAACCATAGGG
AAGGTTCCCACGTGTTACTCACCCGTCTGCCACTCTCGTATTGCTACGAGCGTTCGACTT
GCATGTGTTAGGCCTGCCGCCAGCGTTCGTTCTGAGCCAGGATCAAACTCT
>A72.1.1
GAGTTTGATCCGGCTCAGAACAACGCTGGCGGCGTGGATTAGGCATGCAAGTCGAACGTG
AAAAGGGGCTTCGGCTCCTGAGTAAAGTGGCAAACGGGTGAGTAACGCGTGAGGAACCTG
CCTGGAAGTGGGGGACAACACTCCTAACGGGGTGCTAATACCGCATGTGCATGCGGAGTC
GCATGGCTCTGCATGTAAAAGGTGGCCTCTGCTCGCAAGCTACCGCTTCCGGATGATCTT
GCGTCCCATTAGCTAAGTTGGCGGGGTAACGGCCCACCAAGGCGACGATGGGTAGCTGGT
CTGAGAGGATGGTCAGCCACACTGGGACTGAGATACGGCCCAGACTCCTACGGGAGGCAG
CAGTCGAGAGGCTTCCGCAATGGGGGAACCCTGACGGAGCGACGCCGCGTGGGGGATGAA
GGTTTTCGGATCGTAAACCCCTTTCAGACGGGAAGAAAAGTCGCGAGGTGAACAATTCGC
GGCCGTGACGGTACCGTCAGAAGAGCTCCGGCCACTCGTGCCGCAGCC
>A72.1.2
ACCGGGGCTGCTGGCACGGAGTTAGCCGGGGCTTCCTCCCCGGGTACCATCACTTGCTTT
TTCCCCGAGGACAGGAGTTTACGATCCGAAAACCTTCATCCTCCACGCGGCGTTGCTGCG
TCAGGGTTTCCCCCATTGCGCAAAATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGACCG
TGTCTCAGTTCCAGTGTGGCCGTCCGTCCTCTCAGACCGGCTACCGATCGTCGCCTTGGT
GGGCCGTTACCCCACCAACAAAGCTGATAGGCCGCGGGCCCATCCCGGACCGTCGGGGCT
TTCCCGGCGCGACCATGCGATCGCGCCGGAGTATCCGGTATAAGCTCAGGTTTCCCTGGG
TAATCCCGGTGTCCGGGGCAGGTTGCCCACGTGTTACTCACCCGTTCGCCGCTCTCCCCT
GAGAGGGTACCCCTCCTCAGGTTCCGCTCGACTGCATGTGTAGGCCGCCGCCAGCGTTCG
TC
>A72.1.4
GGCACAATTACCGGGGCTTCCCACTCGGTACCGTCAGACTTCGACGTGTTAGTCGAAGCT
TTTCGTCCCGAGCACAGGAGTTTACAATCCGAAGACCTTCATCCTCCACGCGGCGTTGCG
TCGTCAGGCTTGCGCCCATTGCGAACAATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGG
CCGTGTCTCAGTCCCAGTGTGTCCGTCCGCCCTCTCAGGCCTTGTTATACTGATCGTCGC
CTTGGTGAGCCGTTACCCCACCACTAGCTAATCAGGCGCGGGCCCCTCATCAGCGCCGGG
TCTTGCGATCCCCGGCTTTGATCTCCACCTGTTCAAGGCAGGATGTTATGCGGTATTAGC
GTCCCTTTCGGGACGTTATCCCCCCTCGAAAGTAGGTCCCCCCGTGTACTCCCCGTTCGC
CCCTCACTAGACGAAGTCTAGTCCGTCGACTGCTGTGTAGCCGCCGGCGCGTGAT
>A72.1.5
TTTGATNCCGGTCACAATACACGCGGCGCTGCCAACACTGCAGTCGAGCAGAAAGTGTAG
CAATACTGAGTAAAGCGGCGACACGGGTGAGTAACACGTGGATAACCTGCCTCAAAGTGG
GGAATAACACCGGGAAACCGGTGCTAATACCGCATATTCTGACGAGATCTGCGGATTTTG
TCAGGAAAGGAGCAATTCGCTATGAGAGGGGTCCGCGGCTGATTAGCTATGTTGGTGAGG
TAATGGCTCACCAAGGCTTTGATCAGTAGCCGGTCTGAGAGGACGGTCGGCCACACTGGA
ACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTTCGCAATGGGGG
CAACCCTGACGAAGCAATGCCGCGTGGATGATGAAGTATCTCGGTACGTAAAATCCTTTC
GACGGGGACGAAACCGCAAGGTTGACGGTACCCGTAGAAGAAGCCCGGCTACTCGTGCAG
CAGCC
>A72.2.2
TTGATCCGGCCAAACAACGCGGCGCTGCCTAACCTGCAGTCAACAGAAAGGGGCTTCGGC
TCCGAGTAAAGTGGCGCNCGGGTGAGTAACACGTGGGTATCCCTACCTCTAAGACTGGGA
TAACCCGTCGAAAGATGAGCTAATACCGAATAAGACCACAGTTCCTGCGGGGACAGAGGT
CAAAGGTAGCCTCTATTTATAAGCTATCACTTAGAGATGGGCCTTTTTTCCATTAGCTAG
TTGGTAGGGTAACGGCCTACCAAGGCCAAGATGGTTAGCTGGTCTGAGAGGATGATCNGC
CACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCCGCAGTGGGGAATATTGCG
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CAATGGGCGAAAGCCTGACGCGCAACGCCGCGTGAGTGATGAAGGCCTTCGGGTCGTAAG
CTCTGTCGGAGGAACGAATGCTCTGAGGTAATAGCTCGGGGGGACGTACCT
>A72.2.3
AGAGTTTGATCCGGCTCAGAACAACGCTGGCGGCGTGGATAAGACTGCAAGTCGAACGGG
ATATCACTTGTAGCAATACCGGTGATGTCTAGTGGCGCAAGGGTGCGTAACACGTGGGGA
ATCTGCCGAGAAGTGGGGGATAGCTCGCCGAAAGGCGAATTAATACCGCATGTGGTTAGT
GAAGACATCTTCACGATACCAAAGCCGGGGCAACCTGGCGCTTCTTGATGACCCCGCGGC
CTATCAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGATGACGGGTAGCTGGTCTGAGA
GGACGACCAGCCACACTGGAACTGAGACACGGTCCAGACACCTACGGGTGGCAGCAGTCG
AGAATTTTTCTCAATGGGCGCCAGCCTGAAAGAGCGACGCCGCGTGGAGGATGACGGTCT
TCGGATTGTAAACTCCTGTCATTAGGGAACAAGTCCCGGTTCACTGCCGGCGGCTGATAG
TAC
>A72.2.4
ACCGGGGCTGCTGGCACGAAGTTAGCCGGGGCTTATTCTGCGGGTACCGTCATTATCTTC
CCCGCTAAAAGAGCTTTACAACCCTAGGGCCTTCATCACTCACGCGGCATGGCTGGATCA
GGCTTTCGCCCATTGTCCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGT
CTCAGTCCCAGTGTGGCTGATCATCCTCTCAGACCAGCTACTGATCGTCGCCTTGGTAGG
CCGTTACCCTACCAACTAGCTAATCAGACGCGGGCCGATCCTTTGGCGATAAATCTTTCC
CCCCGAAGGGCTTATCCGGTATTAGCTCCAGTTTCCCGGAGTTGTTCCGAACCAAAGGGC
ACGTTCCCACGTGTTACTCACCCGTCTGCCGCTGACACCCGAAGGTGCCCGCTCGACTTG
CATGTGTTAGGCCTGCCGCCAGCGTTCGCT
>A72.2.5
AGTTTGATCCGGCACGAACAACTTAGCGGCGCGCCTAACACTGCAGTCGCACGAGAAAGG
GCTTCGGCCCCGGTACAGTGGCGCACGGGTGAGTAACACGTAGGCAATCTCCCTCTGAGT
GGTGGATAACCTTCCGAAAGGAGGGCTAATACAGCATGAGACCACGAGCTCGCAGAGCTT
GTGGCCAAAGCGGACCTCTTCATGAAAGTTCGCGCTTGAGGATGAGCCTGCGGCCCATCA
GCTAGTTGGTAGGGTAACGGCCTACCAAGGCTAAGACGGGTAGCTGGTCTGAGAGGACGG
ACAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATC
TTGCGCAATGGACGAAAGTCTGACGCAGCGACGCCGCGTGAGCGATGAAAGCCTTCGGGT
TGTAAAGCTCTGTGGGGAGAGACGAATAAAGTGCAGCTAATACCTGCATCGATGACGGTA
TCTCCTTAGCAAGCACCGGCTAACTCTGTGCCAGCAGCCCCGGT
>A72.3.1
ACCGGGGCTGCTGGCACGTAGTTAAGCCGGTGCTTATTCTGCGGGTACCGTCATTAGCGC
GAGGTATTAGCCCGCGCCGTTTCGCTCCCGCCAAAAGTGCTTTACAACCCGAAGGCCTTC
TTCACACACGCGGCATTGCTGGATCAGGGTTGCCCCCATTGTCCAAAATTCCCCACTGCT
GCCTCCCGTAGGAGTCTGGGCCGTGTCTCAAGTCCCAGTGTGGCTGGTCGTCCTCTCATA
CCAGCTACAAGATCGTCGCCTTGGTGGGCCTTTACCCCACCAACTAGCTAATCTGCCATC
GGCCGCTCCAATAGCGCGAGGTCTTGCGATCCCCCGCTTTCCACCTCAGTGCGTATGCGG
TATTAGCGTAGCTTTCGCTACGTTATCCCCCACTACTGGGTACGTTCCGATGTATTACTC
ACCCGTTCGCCACTCGCCGCCAGGATTGCTCCCGCGCTGCCGTTCGACTTGCATGTGTAA
GGCATGCCGCTAGCGTTCAATCTGAGCCAGGATCAAACTCT
>A72.3.4
AGAGTTTGATCCTGGCTCAGAACGAACGCTGGCGGCGTGGATAAGACATGCAAGTCGAAC
GCTCATTTTCCGGTAGCAATATTGGGAAGTGGGAGTGGCGCAAGGGTGCGTAACACGTGG
ATCATCTACCAGGAAGTTCGGAATAATTCCGAGAAATCGGGACTAATGCCGGATGTGACC
GAAGGTTAAAGTTGGGGACCGCAAGGCCTGACGCTTTTTGATGAGTCCGCGGCCTATCAG
CTAGTTGGCGGGGTAACGGCCCACCAAGGCGAAGACGGGTAGCTGGTCTGAGAGGACGAC
CAGCCTCACTGGAACTGAGACACGGTCCAGACACCTACGGGTGGCAGCAGTCGAGAATTT
TTCTCAATGGGGGAAACCCTGAAGGAGCGACGCCGCGTGGGGGATGAAAGGCTTCGGCCC
GTAAACCCCTGTCATTTGCGAACAAGTGTCATGGTTGAACATTCATGGGCTGATTGTAAC
GAAAGAAGAAGGGACGGCTAACTCTGTGCCAGCAGCCCCGG
>A73.1.1
GCGCCTTCTCCCTCCCACGTGGTTTAACACCCAAAGCCGTCTCCCCCGACGGCGTCGCTG
CGTCGGCTTTCGCCCTTGCGACNTATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCG
TGTCTCGTCCCATGTGGCTGGCCTTCCTCTCGAACCAGCTACCCGTCGTTTTTCTCTTGG
TGAGCCATTACCTCNCCCAACTAGCCTGATGGCCGCGAGGCACTCTTTCGGTGCATTGCT
GCTTTCACCAACCGGGGATGTCCCCGAGAGGTCGTACGCGGTATTACCCGGCCGTTGGGC
CGGCTATCCCCCNCNCCAGGGTANATCGCTCACGTGTTACGCACCCGTTCGCCGGTCACC
CAGAGTTGCCCCCGGTCCCTCGACTTGCNTGTGTTAAGCCCGCCGCCCGCGTTCGTCCTG
AGCCCGGATCCAACTCT
>A73.1.3
ACCGGGGCGCGGCCGAGTAGCCGGGGCTTCTTCTACGGTACCGTCAACCCTTGCGGGTTT
CTTCCCTGTCGAAAAGGGTTTACGTCCCAAAGAGACTTCATCACCCACGCGGCGTTGCTT
GGTCAGGGTTTCCCCCATTGCCAAAAATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGAC
CGTGTCTCAGTTCCAGTGTGGCCGTCCGTCCTCTCAGACCGGCTATCGATCGTTTTCTTG
GTGAGCCGTTACCTCCCCCAACCCAGCCTAATTCGAGCGCGGGCCCCCTCCGACTGCGCC
TTTCGGCTTTCCTCCTGAAATCGCTTGCAGGAGCTCATGCGGTATTAGCTTCCCTTTCGA
GAAGTATCCCCCCTCAGCCAGGCAGGTCACCCACGTGTTACTCACCCGTCCGCCACTCTA
CTCAGAGGCCGAAGCCCCCTTTCGCGCCGACTTGCATGTGTTAGGCACGCCGCCAGCGTT
GATT
>A73.1.4
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ATCAGTGGCGGACGGGTGAGTACAAGTTAGGAACGTACCCTTTACTGTGACNTAGCTCGT
CGAAAGACGGGGTAATATCGCNTGACCCCTTACGGGGAAAGCGCTTCACGGCGCGGTAAA
GGAGCGGCCTTGTGCCTATCAGCTTGTTGGTTTGGTAATGGCCTACCAAGGCTTTGACGG
GTAGGGGGCGTGAGAGCGTGACCCCCCACAATGGCACTGAAGATACGGGCCATACGCCTA
CCGGGCGGCGGCAACTGGGAATATTCGGCAATGGGCGAAAGCCTGACCGAGCGACGCCGC
GTGAGGGATGAAGGCCTTCGGGTCGTAACCCTCTTTTGCCAAATCGTCGAGATTTGGAAT
AAGCGCCTACAAACTACGTGCC
>A73.2.2
GCAGGTACCGTCATTAACCAATATTCGCCCCCCGTTTCGTTCCTGCCAAAAGCGGTTTAC
ACCCGAAAGGCCTTCTTCCCGCACGCGGCATGGCTGGATCGGCTTGCGCCCATTGTCCAA
AATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGG
TCGTCCTCTCAGACCTTTTACTGATCGTCGCCTTGGTGGGCTTTTACCCCGCCAACTAGC
TAATCAGACATCGGCCGCTCCGATAGCGCGAGGCCGGTAAAGGTCCCCCGCTTTCACCCA
TAGGTCGTAATGCGGTATTAGCTAATCTTTCGACTAGTATCCCCCACTACTGGGCACGTC
CGATGCNTACTCCCCCGTTCGCCCCTCGCCACCAGGGTTGCCCCCGTGCAGCCGTTCAAC
TTGCTTGTGTAAGGCATGCCGCCGCGTTCAATCTGAGCCAGATCA
>A73.2.3
GGACGAACGCGGCGGCTGCCTAACCTGCAGTCGAGCGGAGCTAATAGTAATAGTAATAGT
TTAGCGGCGGACGGGTGAGTAACGCGTGGGCAACCTGCCTTCAACTGGGGGATAACACTG
GGAAACTAGTGCTAATACCGCATAACATCATGAAGTGACATCACTTTATGATCAAAGGAG
CAATCCGGTAGAAGATGGGCCCGCGTCCGATTAGCTAGTTGGTGGTGTAACGGACCACCA
AGGCGACGATCGGTAGCCGAACTGAGAGGTTGATCGGCCACATTGGGACTGAGACACGGC
CCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCGCAATGGGGGAAACCCTGACGCA
GCAACGCCGCGTGAAAGATGAAGGTTTTCGGATTGTAAACTTCTTTGATTGGGGACGAAT
AATGACGGTACCCAAAAACAAGCACGGCTACTACGTGCCGCAGCCCGGT
>A73.2.4
CAACGCTGGCGGCTGCCTAACACTGCAAGTCGAACGCGAAAGCCCGCAAGGGTGAGTAGA
GTGGCAAACGGGTGAGTAACACGTGGGTGACCTACCTTCGAATGGGGGATAACGTCCCGA
AAGGGACGCTAATACCGCATAACATCCTGCCTTTGAACGGGTGGAGATCAAAGCCGGGGA
TCGTAAGACCTGGCGTTTGGAGAGGGGCCCGCGTCCGATTAGCTAGTTGGTGGGGTAACG
GCTCACCAAGGCGACGATCGGTAGCCGGCCTGAGAGGGCGGACGGCCACACTGGGACTGA
GACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTGTTCGCAATGGGCGCAAGC
CTGACGACGCAACGCCGCGTGGAGGATGAAAGTCTTCGGATTGTAAACTCCTGTTGCCCG
GGACGAAACGCTCCGACCTAACACGTCGGAGTCTGACGGTACCGGGTGAGGAAGCCCGGC
TAACTCTGTGCCGCAGCCCGGT
>A73.2.5
ACCGGGGCGCGGCCGAGTTAGCGGGGCTTCCACCCCAGGTACCGTCATTTTTTTCTTCCC
TGGGGACAGGAGTTTAACGATCCCGAAAACCCTTNATTCCTCCACGACGGCGTTGCTGCG
TCAGGACTTTCGCCCATTGCGACAAAATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGAC
CGTGTCTCAGTTCCAGTGTGGCCGTCCGTCCTCTCAGACCGGCTATCGATCGCAGCCTTG
GTGAGCCGTTACCTCACCACCAGCTAAATCGAGCGCGGGCCCCTCCGATGGTGCCTTTCG
GCTTTCCTCCTAAAATCGCTTCCAGGAGCTCATGCGGTATTAGCTTCCCTTTCCGAAAAG
TTATCCCCCTCCATCGGGCAGGTCACCCCCGTGTTAACTCACCCGTCCGCCCCTCTACTC
ACGGCCGAAGCCCGCTTTCGCGTCCGACTTGCTTGTGTAGGCACGCCGCCGCGTTGATTC
TGAGCCAGGATC
>A73.3.2
GCTGCTGGCACAGAGTTAGCAACCTCTTATTCCTTAGGTACGCTCAAAAATTGTTCCCCA
AGAAAAGCGGTTTACAACCCAAGGGCCTTCATCCCGCACGCGGCGTCGCTCCATCAGACT
TTCGTCCATTGTGGAATATTCTCGACTGCAGCCACCCGTAGGTGTTTGGGCAGTGTCTCA
GTCCCAATGTTGGGGGCCGTGCTCTCACACCCCCTACCCGTCATAGCCTTGGTAGTCCAT
TACACTACCAACTAGCTGATAGGACACAGGCTCCTCCTTGGGCAATAAATCTTTACTCCG
TAGAGCATATCGTGTATTGTTCCGGATTTCTCCGGATTATTCACGAACCAAGGGCAGATT
CCTATGCATTACTAACCCGTTTGCCGTGGGCCTAAACCCATGCGACTTGCATGCCCTATC
CACGCCGCCAGCGTTCATTCTGAGCCAGGATCAAAC
>A73.3.3
TAGAGTTTGATCCCGGTCCAGAACAACGCGGCGCTGCCTAACACTGCAGTCGAACGGAAT
TGAGGGGCTTGCTCTTCAATTTAGTGGCGCACGGGTGAGTAACGCGTAGATAATCTGCCT
GATGATCTGGGATAACACTTCGAAAGAGGTGCTAATACCGGATAAGACCCACGGGGTCTT
TGGATTCTGCGGGAAAAGGGGGGGACCTTCGGGCCTTCTGTCATCAGATGAGTCTGTCTT
ACCATTAGCTAGTTGGTAGGGTAATGGCCTACCAAGGCGACGATGGTTAGCTGGTCTGAG
AGGATGATCAGCCACACTGGAAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGT
GGGGAATTTTGCGACATGGGCGAAAGCCTGACGCAGCAACGCCGCGTGCGGGAAGAAGGC
CTTCGGGTTGTAAACCGCTTTCGAGGG
>A73.3.4
TGCAAGTCGCGCGCGAAAGGGGGGCAACTCCCAGTAGAGCGGCGAACGGGTGAGTAACGC
GTGGGTGATCTACCTTCGAGTTGGGGAAACAACAGCGGGAAACTGCTGCTAATACCGCAT
GACATCCTCAGGTCACACTGGGGATCAAGCCGGGGACCGCAAAGGCCTGGCGCTTGAAGA
TAAGCCCGCGTTCTGTATTATGCTAGTAGGGCGGGGTTAATGGCCCCACCTAAGGCGACG
ATCGGTAGCCGGCCTGAGAGGGCGGACGGCCACACTGGGACTGAGACACGGCCCAGACTC
CTACGGGAGGCAGCAGTGGGGAATTTTTCGCNATGGGGGAAACCCTGACGAAGCAACGCC
GCGTGGAGGATGAAGGCCTTCGGGTCGTAAACTCTGTCAACTGGGAAGAAGCCAACGGCC
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TATACGTCAAGTGTGACTGTCCCGTGAGGAGCCCCGCTACTCTGTGCCGCGCCCGGT
>A81.1.1
GCGGCGTGCCTAACACTGCAGTCGAACGCAGAGAGGCTTCGGCCTCATTGAGTGGCAAAC
GGGTGAAGTAACACGTGGGTGACCTACCTTCGAATGGGGGATAACGTCCCGAAAGGGACG
CTAATACCGCATAACATCCTGTCCTTGAACGGATGGAGATCAAAGTCGGGGATCGCAAGA
CCTGGCGTTTGAAGAGGGGCCCGCGTTTCGATTAGCTAGTTGGTGAGGTAACGGCTCACC
AAGGCGACGATCGGTAGCCGGCCTGAGAGGGCGGACGGCCACACTGGGACTGAGACACGG
CCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTGTTCGCAATGGGCGCAAGCCTGACGA
CGCAACGCCGCGTGGAGGATGAAGGTCTTCGGATTGTAAACTCCTGTTGCCCGGGACGAA
TAGCTCCGACCTAACATGTCGGAGTCTGACGGTAACGGGTGAGGAAGCCCGGTACTCTGT
GCCGCAGCCCGGT
>A81.1.2
ACCGGGGCGCGGCACTAATTAAGCCGAAGGCTTATTCGGGGAGTACTGTCCTTCCTCATC
CTCCCCAAAAGTGCTTTACGACCCGAAGGCCTTCATCGCACACGCGGCGTTGCTGCATCA
GGCTTGCGCCCATTATGCAATATTCCCTACTGCTGCCACCCGTAGGTGTATGGACCGTGT
TTCAGTTCCATTGTGGGGGGCCACCCTCTCAGGTCCCCTACCCGTCATCGCCTTGGTATG
CCGTTACCCTGCCAACTAGCTGATGGGACGCAGGCCCCTCCCGAAGCGAATTGCTCCTTT
CCAGCCCCGGTCTCTAACCCGGGGCAGCACATGCGGTATTATCAGTCCTTTCGAACTGCT
ATCCCACACTTCGGGGCAGGTCACCAACGCGTTACTCACCCGTTCGCCGCTAAGAGCCGA
AGCTCTCCGCTCGACTTGCATGTATTAGGCACGCCGCCAGCGTTCATCCTGAGCCAGGAT
CAAACTCT
>A81.1.3
ATCAACGCGGCGGCTGCCTAACACTGCAGTCGAACGCGAGAAGAGGCTTCGGCCTCAATT
GAGTGGCAAACGGGTGAGTAACACGTGGGTGACCTACCTTCGAAATGGGGGATAACGTCC
CGAAAGGGACGCTAATACCGCATAACATCCTGTCCTTGAACGGATGGAGATCAAAGTCGG
GGATCGCAAGACCTGGCGTTTGAAGAGGGGCCCGCGTTCTTATTAGCTAAGTTGGTGAGG
TAACGGCTCACCAAGGCGACGATCGGTAGCCGGCCTGAGAGGGCGGACGGCCACACTGGG
ACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTGTTCGCAATGGGCG
CAAGCCTGACGACGCAACGCCGCGTGGAGGATGAAGGTCTTCGGATTGTAAACTCCTGTT
GCCCGGGACGAATAGCTCCGACCTAACATGTCGGAGTCTGACGGTACCGGGTGAGGAAGC
CCCGGCTAACTCTGTGCCAGCAGCCCGGT
>A81.1.4
ACCGGGGCTGCTGGCACAGAGTTAGCCGGTGCTTCCTTTGAGGGTACCGTCACCCCCCGA
GGCTATTAACCTCAGGAGCATTCGTTCCCTCCGACAGAGCTTTACGACCCGAAGGCCTTC
ATCACTCATGCGGCGTTGCTGCGTCAGGCTTTCGCCCATTGCGCAATATTCCCCACTGCT
GCCTCCCGTAGGAGTCGGGGCCGTATCTCAGTCCCCGTGTGGCTGGCCGTCCTCTCAGAC
CAGCTACGATCGTCGCCTTGGTAGGCCGTTACCCCACCAACAAGCTAAT
>A81.1.5
TAGCCGTCCCTTCCTCTTCCGCTACATCAGCTCACCGGTTGTTAACCGGTAAGGTTTGTT
CGCAAATGACAGGGGTTTACGGGCCGAAGCCATTCATCCCCCACGCGGCGTCGCTCCATC
AGGCTTTCGCCCATTGTGAAAAATTCCTCGACTGCTGCCACCCGTAAGGTGTCTGGACCG
TGTCTCAGTTCCAGTGTGGCTGGTCGTCCTCTCAGTACCAGCTATCCGTCTTAGCCTTGG
TGAGCCGTTACCTCACCAACTAGCTGATAGACCGCGGGCTTATCAAGAAGCGTCAGGCCT
TACGGTCCCCAACTTTGAATTCCAGAGATGCCCCTCGGAAAGTCACATCCGGCATTAGCT
CGCCTTTCAGCAAGTTATTCCAGACTTCATGGCAAATTACCCACGTGTTACGCACCCTTG
CGCCGCTGAACACACAAAATATTGCTACCTGNGTATCCCGCTCGACTTGCATGTCTTATC
CNCGCCGCCAGCGTTCGTTCTGAACCAGGATCAAACTCT
>A81.2.2
ACCGGGGCGCGGCAAAGTAGCCGGTGCTTCCTTTGGAGGTACCGTCATTGATTTCGTCCC
TCCCGACAGTGGTTTACAACCCGAAAGGCCGTCATCCCACACGACGGCGTCGCTGCGTCA
GGCTTTCGCCCATTGCGCAATATTCCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGTG
TCTCAGTCCCAATGTGGCTGGTCATCCTCTCGGACCAGCTAACCCGTCGTCGCCTTGGTG
AGCCATTACCTCACCAACTAGCTGATAGGCCGCGAGGCCCTCCATCGGTGCATTGCTGCT
TTCACCCCCAAGGGATGCCCCTCGAAGGTCGTACGCGGTATTACCCGGCCGTTGGGCCGG
CTATCCCCACCGTTGGACAGGTTCCTCACGTGTTACGCACCCGTTCGCCACTGACCCTTG
CGGGCCCGTGCGACTGCATGTGTTA
>A81.3.2
TTCTTCCCAGCCGACGGGAGTTTACCACCCAAGAAGCCTTCTTCCCCCACGCGGCGTCGC
TGCGTCAGGACTTTCGTCCATTGGCGACANGATTCCTCACTGCTGCCTCCCGTAGGAAGT
CTGGCCCGTGTCTCAGTGCCAGTTGTGGCTGGTCGTCCTCTCAATTTTTTTCTACCCGTT
CGTAGCCCTTGGGTAGGGGCCGGTTTACCCCTACCCACCCACGGCTGAATGGGAACNTGG
GGCCCCTCCTCNGGCACGGCCTGTACCGCTACCCTTTCTCCCGATCCCGTAGACCGAAAT
GACCTNGGGTATTAGCCCCGCTTTCGCGAGGTATTCCCCATCTTGAGGACGGGTCCCCCA
TGCTTTACTCCCCCGTTCGCCCCTTTTCTGCCCCGTTTTGCTACGAAGTTTCTCGTGCGA
CTTGCTTGTGTTTGGCGCGCCGCCGCGTTAGTCCTGAGCCAGGATCA
>A81.3.4
TGTGAGTGGCGAACGGGTGAGTAACGCGTTGGTGACCTGCCCCGCAGTGGGGGATACCAG
TCCGAAAGGATTGCTAATACCCCATGTGCCCCCTGGGATTAGAGGCCCGGGGAGCAAAGG
TCCGCAAGGTCGCTGGGGGAGGGACCTGCGTCCCATCTTCTTGTTGGTAGGGTAACGGCC
TACCAAGGCGATGACGGGTAGGGGACCTGAGAGGGTGGCCCCCCACAATGGAACTGAAAC
ACGGTCCATACACCTACGGGTGGCAGCAGTAGGGAATATTGCAAAATGGGCGCAAGCCCG
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ATGCAGCAACGCCGCGTGCGCGATGAAGGCCTTCGGGTCGTAAAGCGCTTTTCGAAGGGA
TGAGGAAGGACAGTACCTTCGGAATAGTCTCGGCTACTACGTGCCGCAGCCCCGGTCAAA
>A81.3.5
TTGATCCTGGCTCANAACAAACGCTGGCGGCGTGGCTAAGACATGCAAGTCGAACGGACC
ATCTAATTGAGCAATCGAAAAGGTGGTTAGTGGCGAAAGGGTGAGTAATAGGTAGGTAAC
GTACCCCGTGCACCGGGATAGCGTCATTCACCCGCAAGGGTATTTCCGAAAGGGGCGGTA
ATACCGGATAACATCATAGGTCGACGGATCTATGATCAAAGATTTATCGGCACAGGAGCT
TTCCTACTTCCTATCAGCTAGTTGGTGAGGTAATGGCCCACCAAGGCGATGACGGGTAGC
GGGACTGAGAGGTTGGCCCGCCACATCGGGACTGAGACACTGCCCGGACCTCCCCGGAGG
GCTGCAGTAACGAATATTGGGCCATGGGCGAAAGCCTGACCCGGCGACGCCGCGTGCGGG
AGGAAGTTCTTCGGAATGTAAACCGCTGTTAAGGGGATAAAAGTGTACTTCG
>A82.1.1
CGCGTCCTATCAGCTAGTTGGCGGGGTAATGGCCCACCAAGGCTATGACGGGTAGCTGGT
CTGAGAGGACGACCAGCCACACTGGGACTGAGACACGGTCCAGACTCCTACGGGAGGCAG
CAGTGGGGAATATTGCGCAATGGGCGAAAGCCTGACGCAGCAACGCCGCGTGAGTGATGA
AGGCCTTCGGGTCGTAAAGCTCTGTCGGAGGGAACGAATGTTTCTGAGGTTAACAGCCTC
AGAAAGTGACGGTACCCTCAAAGGAAGCACCGGCTAACTCTGTGCAAGCAGCCCCGG
>A82.1.2
AGAGTTTGATCCTGGCTCAAAACGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAAC
GAGAAAGGGGCTTCGGCTCCGAGTAAAAGTGGCGCACGGGTGAGTAACACGTGGGTAACC
TGCCTCTAAGATTGGGATAACTCGTCGAAAGATGAGCTAATACCGAATAAGACCACAGTT
CCCGCGGGAACAGGGGTCAAAGGTAGCCTCTGCTTGCAAGCTATCACTTAGAGATGGGCC
TGCGCACCATTAGCTAGTTGGTAGGGTAACGGCCTACCAAGGCAAAGATGGTTAGCTGGT
CTGAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAG
CAGTGGGGAATATTGCGCAATGGGCGAAAGCCTGACGCAGCAACGCCGCGTGAGTGATGA
AGGCCTTCGGGTCGTAAAGCTCTGTCGGGAGGAACGAATGCTCCTGAGGTTAACAGCCTC
GGGAGGTGACGGTACCTTCAAAGGAAGCCCCGGCTAACTCTGTGCCAGCGCC
>A82.1.4
TTTGATCCGGCACGGATCAACGCGGCGGCTGCCTAAAACTGCAGTCGGACGGCCCTTTCG
GGGGCAGTGGCGGACGGCTGAGTAAGCACGCGGGTGACCTGCCACCGGGTGGGGGATAAC
CCCCCGAAAGGGGGGCTAAGACCGCATGAGGTCGCCGCGTCAAGCGGCGAGCAAAGCAGC
GATGCGCCTGGTGAGGGGCCCGCGGCCGATTAGCTAGCTGGTGGGGTAACTCTCTACCAG
GGCGACGATCGGTAGCCGGTCTGAGAGGATGGCCGGCCAGACTGGGACTGAGACACGGCC
CAGACTCCTGCGGGAGGCAGCAGTTAGGAATTTTGGGCAATGGGCGCAAGCCTGACCCAG
CAACGCCGCGTGGGCGACGAAGCCCTTCGGGGTGTAAAGCCTTTTCCAGGGACGATCTGA
CGGTACCGTGGGAAGAAGCCCCGGCTAACTACGTGCCAGCAGCCCCGGT
>A82.1.5
ACCGGGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCGTCAAGGTACCA
GCAGTTACTCTGGTACTTGTTCTTCCCTAACAACAGAACTTTACGACCCGAAGGCCTTCA
TCGTTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCTG
CCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCTTTCTAGGTC
GGCTACGCATCGTTGCCTTGGTGAGCCGTTACCTCACCAAACTAGCTAATGCGCCGCGGG
TCCATCTGTAAGTGATAGCTAAAGCCATCTTTCAATTTCAAACCATGCGGTTCAAAATAT
TATCCGGTATTAGCTCCGGTTTCCCGGAGTTATCCCAATCTTACAGGCAGGTTACCCCCG
TGTTACTCACCCGTCCGCCGCTAATACTCGGGAGCAAGCTCCCATCAATCCGCTCGACTT
GCTTGTATTAGGCACGCCGCCCGCGTTCGTCCTGAGCCAGGATCAACCTCT
>A82.2.4
TTGACCGGCCAATTGAACCGGCGCTGCCTTACCTGCAAGTCAGCCAAAGGGGGCACTCCC
GAGTAGAGCGGCGGACGGGTGAGTAACACATCGGAACGTACCCAGTAGTGGGGGACAACC
TCGAGAAATCGAAGGCTAATACCGCATACGACCCACGGGTGAAAGCGGGGGACCGCAAGG
CCTCGCGCTATTGGAAGCGGCCGATGTCCGATTAGCTAGTTGGTGGGGTAAGGCCCACCA
AGGCGACGATCGGTAGCTGGTCTGAGAGGACGACCAGCCACACTGGGACTGAGACACGGC
CCAGACTCCTACGGGAGGCAGCCGTGGGGAATTTTGGACAATGGGGGCAACCCTGATCCA
GCCATGCCGCGTGCGGGAAGAAGGCCTTCGGGTTGTAACCCGCTTTCGGCCGGAACGAAA
TCGCCCGGGTGAACGTCCCAGGTGGATGACGGTACCGGAAGAAGAAGCCCGGCTACCTAC
GTGCCGCCGCCCGGT
>A82.2.5
AATCAACGCGGCGCTGCCTAACACATGCAAGTCGAACGCGAAAGCCCCGCAAGGGTAAGT
AGAGTGGCAGACGGGTGAGTAACGCGTGGGTGACCTACCTTCGAGTGGGGGATAACGTTC
CGAAAGGGACGCTAATACCGCATGACATCCTGCCTTTGAAAAGGCGGTGATCAAAGCCGG
AACCGCAAAGGTCTGGCGCTTGATGAGGGGCCCGCGTTCTTATTAGCTAGTTGGTGGGGT
AATGGCTCACCAAGGCGACGATCGGTAGCCGGCCTAAGAGGGCGGACGGCCACACTGGGA
CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTGTTCGCAATGGGCGC
AAGCCTGACGACGCAACGCCGCGTGGAGGATGAAGATCTTCGGGTCGTAAACTCCTTTCA
ATCGAGACGAACGGCTCTCGGGTAACCAATCCGGGAGAGTGACGGTACCGAGAGAAGAAG
CCCCGGCTAACTCCGTGCCAGCAGCCCCGGT
>A82.3.1
TTAGCCGGGGCTTCTTCTGGAGGTACCGTCACCCTCTGGGCTATTAACCCGAGTGGCTTC
GTCCCTCCTGAAAGCGGTTTACAACCCGAAGGCCTTCTTCCCGCACGCGGCGTCGCTGCG
TCAGGCTTTCGCCCATTGCGCAAGATTCCCTACTGCTGCCTCCCGTAGGAGTCTGGGCCG
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TGTCTCAGTCCCAGTGTGGCTGATCGTCCTCTCAGACCTTCTATGGATCGTCGCCTTGGT
GAGCCGTTACCTCACCAACTAGCTAATCCGATTTGGGCTCATCTATTAGCGCCAGGTCTA
ACGATCCCCGGCTTTCCACCGTAGTGCGTATGCGGTATTAGCCCGAGTTTCCCCGGGTTG
TCCCCCACTAATAGGCAGATTCCCAAATATTGCTCACCCGTCCGCCGCTCGTCAGCATGT
ATTGCTACCCCTGTTACCGCTCGACTTGCATGTGTTAGGCCCGCCGCCAGCGTTCAATCT
GAGCCAGGATCAACTCT
>A82.3.2
TTTGATCCGGCTCGATTGAACGCTGGCGGCTGCCTTACACTGCAGTCGAGCGGCAGCGCG
GGGGCAACCCTGGCGGCGAGCGGCGAACGGGTGAGTAATGCATCGGAACGTGTCCTCTTG
TGGGGGATAACCAGTCGAAAGACTGGCTAATACCGCATGAGATCGAGAGATGAAAGCAGG
GGACCGCAAGGCCTTGCGCGAGAGGAGCGGCCGATGCCGGATTAGCTAGTTGGTGGGGTA
AAAGCCTACCAAGGCGACGATCCGTAGCTGGTCTGAGAGGACGACCCGCCACACTGGGAC
TGAAGAACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCGCAATGGGCG
AAAAGCCTGACGCAGCAACGCCGCGTGAGTGATGAAGGCCTTCGGGTCGTAAAGCTCTGT
CGGGAGGAACGAATGCTCCTGATTAACAGCCTCGGGAGGTGACGGTACCTTCAAAAGAAG
CCCCGGCTAACTCGTGCCAGCGCCCCGGT
>A82.3.4
GGCTGCTGGCACGTATTAGCCGGTGCTTCTTCTTCCGGTACCGTCATCCACGCGGGGTGT
TAGCCCGCGCGATTTCGTTCCGGCCGAAAGTGCTTTACAACCCGAAGGCCTTCTTCACAC
ACGCGGCATGGCTGGATCAGGGTTGCCCCCATTGTCCAAAATTCCCCACTGCTGCCTCCC
GTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGGTCGTCCTCTCAGACCAGCTAC
GGATCGTCGCCTTGGTGGGCTATTAACCCCACCAACTAGCTAATCCGGCATCGGCCGCTC
CTCTCGCGCGAGGCCTTGCGGTCCCCCGCTTTCATCTCTCGATCTCATGCGGTATTAGCC
AGTCTTTCGACTGGTTATCCCCACAAGAGGACACGTTCCGATGCATTACTCACCCGTTCG
CCGCTCGCCGCCAGGGTTGCCCCCGCGCTGCCGCTCGACTTGCATGTGTAAAGCATGCCG
CCAGCGTTCAATCTGAGCAGGATCAACTC
>A82.3.5
ACCGGGGCTGCTGGCACAGAGTTAGCCGGGGCTTCCTCACCCGGTACCGTCACACTCCAA
CGTATTGGGTTGGAGCCATTCGTCCCGGGCAACAGGAGTTTACAATCCGAAGACCTTCAT
CCTCCACGCGGCGTTGCGTCGTCAGGCTTGCGCCCATTGCGAACAATTCCCCACTGCTGC
CTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGTCCGCCCTCTCAGGCCG
GCTACCGATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATCGGACGCGGGCC
CCTCTTCAAACGCCAGGTCTTGCGATCCCCGGCTTTGATCTCCATCCGTTCAAGGACAGG
ATGTTATGCGGTATTAGCGTCCCTTTCGGGACGTTATCCCCCATTCGAAGGTAGGTCACC
CACGCGTTACTCACCCGTTCGCCACTCTACTCATGGATTGCCCACTTTCGCGTTCGACTT
GCATGTGTTAGGCACGCCGCCAGCGTTGATTCTGAGCCAGGATCAAACTC
>A83.1.1
TGCCTACCTGCAGTCGACGGGATCCGTTCTTCGGAACGGTGAGAGTGGCGGACGGGTGAG
TAACCGCGTGGGACCCTGCCCAGTGGTGGGGGATNCCTGCGGGAAACTGCGCTATACCGC
ATGAGCCCGAGAGGGGANGAATTTCTCGCCATTGGAGGGGCCCGCGTTCGATTAGGTAGT
TGGTGAAGGTATCGTGTCTTCTCCNGCCGACGATCGATAGCTGGTCTGAGAAGGATGATC
CGCCACACTGGGACTGAGATCGGCCCNACTCCTACGGGAGGCNGCGTGGGGATTTTTGGA
CATGGGGGCACCCTGATCCAGCATGCCGCGTGAGTGATGAAGCCTTCGGGTTGTAAAGCT
CTTTTGCCGGGACGATGATGACGTCCTGGAGATTAAGCCCCGGCTACTTCGTGCC
>A83.1.2
TTACCGGGGCTGCTGGCACGGAGTTAGCCGGAGCTTCCTCTGGAGGTACCGTCAACCCCG
GGGTATTCACCCGAGAGGATTCTTCCCTCCTGACAGCGGTTTACAACCCGAAGGCCTTCA
TCCCGCACGCGGCGTCACTCGGTCAGGGTTTCCCCCATTGCCGAAGCCTCTCGACTGCTG
CCTCCCGTAGGAGTCTGGGCCGTATCTCAGTCCCAGTGTGGCCGGTCATCCTCTCAGATC
GGCTACCCATCGTCGCCTTGGTAGGCCATTACCCTACCAACTAGCTAATGGGACGCGGGC
TCCTCCACGAGCGGTAGGTCCGAAGATCCCCACCTTTCACCGCAACCCCATGCGAGGAAG
CGGTCACATGCGGTATAAGCCACTCGTTAGAATGGTTATTCCCCACTCGATGGTAGATTG
CCCACGCGCTACTCACCCGTTCGCCACTC
>A83.1.3
GAATTCGCCTTAGAGTTTGATCCTGGCTCAGGATGAACGCTGGCGGCGTGCCTAAGACAT
GCAAGTCGAATGCTCCGCAAGGGGCATGGCGAACGGGTGAGTAATACCTAGGAACTTTCT
TCAAGTGGGGCATAACCCGCCGAAAGGCGGGATAATTCTCCATGTGACCGCAAGGTTAAA
GTCGCAAGACGCTTGAAGTGAGGCCTGGGCACCATCAGCTAGTTGGTAGGGTAATGGCCT
ACCAAGGCTATGACGGTTAGGGGCCCCGAGAGGGGAAACCCCCACACTGGAACTGCGACA
CGGTCCAGACTCCTACGGGAGGCAGCAGTTTGGAATTTTGGACAATGGGCGAAAGCCTGA
TCCAGCGACGCCGCGTGGACGATGAAGGCCTTCGGGTTGTAAAGTCCTTTTGCCGGGAAC
AATATTCTGAGTGTACCGGAGAATAAGAGGTTGCTAACTCCGTGCCAGCAGC
>A83.1.4
ACGCTGTACATACACGATGGCGCACGGGTGAGTAACGCGTGGGAACCTGCCCAGTGGTAG
GGAATAACTGCGGGAAACTGCAGCTAATACCCTATACGCCCTACGGGGGAAAGTTTTTCG
CCATTGGAGGGGCCCGCGTCGGATTAGCTAGTTGGTGAGGTAAGAGCTTACCAAGGCGAC
GATCCGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAAGAC
TCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGGGAAACCCTGATCCAGCAATG
CCGCGTGAGTGATGAAGGCCTTAAGATTGTAAAGCTCTTTCGACGGGACGATGATGACGG
TACCCGTAGAAGAAGCCCCGGCTAACTTCGTGCCAGCAGCCCCGGT
>A83.2.2
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CCGGGGCTGCTGGCACGGAGTTAGCCGGTGCTTCCTTTAGGGGTACCGTCAGGGTCCCGA
CGTGTTGGGTCGGAACCGTTTCTTTCCCCTCGACAGGGCTTTACGACCCGAAGGCCTTCA
TCACCCACGCGGCGTCGCTGCGTCAGGCTTTCGCCCATTGCGCAATATTCCCTACTGCTG
CCTCCCGTAGGAGTCTGGGCCGTGTTTCAGTCCCAGTGTGGCTGGCCATCCTCTCAGACC
AGCTAGCCATCATCGCCTTGGTGGGCCGTTACCCCGCCAACTAGCTAATGGCGCGCAGGC
CCATCTTCGAGTGGTAGCTTGCAAGCAGAGGCCACCTTTCACCGCAGGAGCCGAAAACTC
CCCGTGGTCATATCCGGTATTAGCCCACCTTTCGGTAGGTTATCCTGGGCTCCGAGGGTA
GGTTACCTACGTGTTACTCACCCGTTCGCCGCTTTACTCAGGGAGTTGCCCCCCTTTTCT
CGCGCGACTTGCATGTATTAGGCACGCCGCCAGC
>A83.2.4
GTACCGTCACCTCCCAAGCTATAACCTCGGAGCTTCGTTCCTCCCAACAGAGCTTTACGA
CCCGAAAGCCTTCTCACTCACGCGGCGTTGCTGCGTCGGCTTTCGCCCATTGCGCATATT
CCCCACTGCTGCCTCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGATCAT
CCTCTCTGTTATCTCTTGCTAACCATCTTTTGCCCTTGGGTAGGGCCGTTTACCCTACCC
CCTAGCTAATGGNGCGCAGGCCCGTCTCTAGTGATAGCTTGCAGCAGAGGCTACCTTTGC
CCCCTGTTCCCGCGGGAACTGTGGTCTTATTCGGTATTAGCTCCTCTTTCGACGAGTTAT
CCCAATCTTAGAGGCAGGTTACCCCCGTGTTACTCCCCGTGCGCCCCTTTACTCGGAGCC
GAAGCCCCTTTCTCGTTCGACTTGCTTGTGTTAGGCCGCCGCCCGCGTTCGTCTGAGCAG
GATCAACTCT
>A83.2.5
GAGTTTGATCCTGGCTCAGAATCAACGCTGGCGGCGTGCCTAACACATGCAAATCGAACG
CGACTCAGGCTTCGGTCTGAGTTGAGTGGCGAACGGGTGAGTAACACGTGGGTGACCTAC
CTTCGAGTGGGGGATAACGTCCCGAAAGGGACGCTAATACCGCATAACATCCTGCCTTTG
AACAGGTGGAGATCAAAGCCGGGGATCGCAAGACCTGGCGCTTGAAGAGGGGCCCGCGGC
TGATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCAACGATCAGTATCCGGCCTGAGA
GGGCGGACGGACACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGG
GGAATTGTTCGCAATGGGCGCAAGCCTGACGACGCAACGCCGCGTGGAGGACGAAGATCT
TCGGGTCGTAAACTCCTGTCGAGCGGGAAGAACACCATGCGGGTGAACAACCCGGTGGTT
GACGGTACCGCTAAAGGAAGCCCCGGCTAACTCCGTGCCAGCAGCCCCGG
>A83.3.2
ACCGGGGCTGCTGGCACGTAGTTAGCCGGTGCTTATTCTGCAGGTACCGTCATTAACGCG
AGATATTCGCTCGCGCCGTTTCGTTCCTGCCAAAAGCGGTTTACAACCCGAAGGCCTTCT
TCCCGCACGCGGCATGGCTGGATCAGGCTTGCGCCCATTGTCCAAAATTCCCCACTGCTG
CCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGGTCGT
>A83.3.3
TAGCGGTGCTTATTCTGCAGTCCGTCGTTNCCAGGTGTAGCTCCGCCGTTTCGTTCCTGC
CNGCGGTTTCACCCGAAGGCCTTCTTCCCGCCCGCGGCTGGCTGGATCAGGCTTGCGCCC
CCTTGTCCNTNCCCCCTGCTGCCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTTCCCGTG
TGGCTGGTTGTTTCTCTCNACCGCCTACCGGTCGTTGCCTTGGTGGGCTTTTACCCCCCC
ACTGCTNTCCGGACATCGGCCGCTCCATGGCGCAAGGCCTTGCCGGTCCCCCGCTTCACC
CGTAGGTNTTTGCGGTATACCATCTTTCGACTGGTTTCCCCCCCTCTGGGCCCTNCCGAT
GCGTNCTCCCCGTTCGCCCCTCGCCCAGGTGCCCCCGTGCTGCCGTCACTTGCTGTGT
>A83.3.4
ACCGGGGCTGCTGGCACGTAGTTAGCCGGTGCTTCTTCTTCCGGTACCGTCATCCATCCG
AGGTATTAACCCGGATGATTTCGTTCCGGCCGAAAGAGCTTTACAACCCGAAGGCCTTCT
TCACTCACGCGGCATGGCTGGATCAGGCTTGCGCCCATTGTCCAAAATTCCCCACTGCTG
CCTCCCGTAGGAGTCTGAGCCGTGTCTCAGTCCCAGTGTGGCTGATCATCCTCTCAGACC
AGCTACCGATCGTCGCCTTGGTAGGCCATTACCCCACCAACTAGCTAATCGGACATCGGC
CGCTCCAATAGCGCGAGGCCTTGCGGTCCCCCGCTTTCCACCGTAGTGCGTATGCGGTAT
TAGCACATCTTTCGACGCGTTATCCCCCACTACTGGGCACGTTCCGATGCATTACTCACC
CGTTCGCCACTCGCCACCAGGGTTGCCCCCGTGCTGCCGTTCGACTTGCATGTGTAAAGC
ATGCCGCCAGCGTTCAATCTGAGCCAGGATCAAACTC
>A91.1.1
ACCGGGGCGCTGGCACGAGTAGCCGGTGCTTCTTCTAAGGGTAAACGTCAGCTCGGATGT
GTTAGATCCGATTTTTTCTTCCCCTCTGAAAGTGCTTTACAACCCGCAGGCCTTCTTCAC
ACACGCGGCATTGCTGGATCAGGGTTGCCCCCATTGTCCATATTCCCCACTGCTGCCTCC
CGTAAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGATCGTCCTCTCAGACCTATC
TACGGATCGTCGCCTTGGTAGGCCGTTACCCTACCAACTAGCTAATCCGACGTAGGCTCA
TCCATTAGCGCAGGTCTTACGATCCCCTGCTTTCCTCCGTAAGAGCGTATGCGGTATTAG
CCCGGCTTTCGCCGGGTTATCCCCCACAAATGGGCAGATTCCTACGTATTACTCNCCCGT
CCGCCACTCGTCGCCAGGGTTGCCCCGCGTACCGTTCGACTGCTTGTGTAGGCATGCGCC
ACGTTCATCTGAGCCGGATCAACTCT
>A91.1.2
GGCACGATTACCGGTGCTTCTTCTAAGGGTACGTCAAGCTCGGATGTGTTAGATCCGATT
TTTTCTTCCCCTCTGAAAGTGCTTACACCCGCATGCCTTCTTCACACACGCGGCATTGCT
GGATCAGGGTTGCCCCCATTGTCCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGG
CCGTGTCTCAGTCCCAGTGTGGCTGATCGTCCTCTCTTTCCAGCTACGGATCGTCGCCTT
GGTAGGCCGTTACCCTACCAACTAGCTAATCCGACGTAGGCTCATCCATTAGCGCAAGGT
CTTACGATCCCCTGCTTTCCTCCGTAGAGCGTATGCGGTATTAGCCCGGCTTTCGCCGGG
TTATCCCCCACAAGTGGGCAGATTCCTACGTATTACTCCCCCGTCCGCCACTCGTCGCCA
GGGTTGCCCCCGCGTAACCGTTCGACTTGCGTGTGTTAGGCATGCCGCCAGCGTTCAATC
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TGAGCCAGGATCAAACTCT
>A91.1.3
ACATGCAGTCGAGCGAGAAAGTCCCCGCAAGGGACGAGTACAGCGGCGAACGGGTGAGTA
ACACGTGGGCAACCTGCCCCTCAGTCAGGAATAACCCCGCGAAAGCGGGGCTAATACCAG
GTGACGTCCCCTGGGGGCATCCTCGGGGGACCAAAGGGGGCGAGCGCAAGCGGCTCTCGC
TGAGGGATGGGCCTGCGGCTGATTAGCTAGTTGGTAGGGTAACGGCCTACCAAGGCGACG
ATCAGTAGCCGACCTGAGAGGGTGACCGGCCACACTGGGACTGAGACACGGCCCAGACTC
CTACGGGAGGCAGCAGTGGGGAATATTGCGCAATGGGCGAAAGCCTGACGCAGCGACGCC
GCGTGGGTGATGAAGGCCTTCGGGTCGTAAAACCCTGTCGGGTGGAACGAATCCCCGC
>A91.1.4
CGAGGATTCTCTGACAAAAGGGGTTTACGATCCTAAGACCTTCATCCCCCACGCGGTGTC
GCTGCGTCAGGCTTTCGCCCATTGCGCAATATTCCCAGTTGCTGCCATCCGTAAGATGTA
TAAGCCCGTGTCTCAAGTGCTATTGTGGCTGACCGACCTCTCAGTCCAGCTACCCGTCAT
TGTCCTTGGTAGGCCTTTAACCCCACCAACTAGCTGATAGGACATAGGCTCATCCTCCGG
CGGGGGGTTAACCCCTTTGAACCTTGCGGCCTCATGCGGTATTAGCCAACCTTTCGGCTA
TTATTCCACACCAAAAGGCAGATTCCTATGTATACTCACCCGTCCGCGA
>A91.1.5
ACCGGGGCGCTGGCACGAGTTAGCCGGAGCTTCCTCTAGTGGTACCGTCAGCTCACCGAA
TCTATTCAGATCCGTGGATGGTTCTTCCCGCTTGACAGGAGTTTACGAACCCGAAGGATC
TTCATTCCTCCACGCCGGCGTCGCTCTGGTCAGGGCTTGCCCCCCATTGCCAAACGCCTC
TCCACTGCTGCCTCCCGTAGGAAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGTCGTC
CTCTCAGAGTCTGCTACCCATCGATGCCTTGGTGAGCCGTTACCCCGCCAACTAGCTAAT
GGACGCAGGACCCTCTTCGAGCGC
>A91.2.1
AGAGTTTGATACCGGATCACGAACAAACACGGACGCTGACCAACCTGACAGTCAAACACA
AAGGGGGACACCCCCGGTAGACTGGACGAACGGGTGAGTAAACACGTGGGTAACTTGACC
CCGAGGTGGGGAATAAACCTTCCGAAAGGAGGGACTAATACCGCATGACATCCTGAGGAC
TTCGGTTCTTGGGATCAAGACTGGCCTCTGTTTACAAGACTAGACGACCACGGGAGAGAC
CCGCGACCCCATTAGACTAGTTGGTGAGGTAACGGCTCACCAAGGCGAACGATGGGTAGC
CGGACCTGAGAGGGTGATCGGCCACAACTGGAAACTGAGACACGGTCCAGACTCCTACGG
GAGGCAGCAGTGAGGAATATTGCGACAATGGGCGAAAGCCTGACGACAGCGACGCCGCGT
GGAGGATGAAGGTCTTCGGATTGTAAACTCCTGTCGAGCGGGACGAATGCGGTGAGCGTA
ACCGCGCTCGCCGTTGACGGTACCGCTGGAGAAGCCCGGCTACTCGTGCC
>A91.2.4
ACCGGGGCTGCTGGCACGGAGTTAGCCGGGGCTTCCTCCCCAGGTACCGTCATTTTTTTC
TTCCCTGGGGACAGGAGTTTACGATCCGAAAACCTTCATCCTCCACGCGGCGTTGCTGCG
TCAGGCTTTCGCCCATTGCGCAAAATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGACCG
TGTCTCAGTTCCAAGTGTGGCCGTCCGTCCTCTCAGAACCGGCTATCGATCGTCGCCTTG
GTGAGCCGTTACCTCACCAACCAGCTAATCGAGCGCGGGCCCCTCCAGTGGCGCCTTTCG
GCTTTCCTCTTGAAATCGCTCCCAAGAGCTCATGCGGTATTAGCTTCCCTTTCGAGAGTT
ATCCCCCTCCACCAGGCAGGTCACCCACGTGTTACTCACCCGTCCGCCACTCTACTCACA
GGCCGAAGCCCGCTTTCGCGTCCGACTTGCATGTGTTAGGCACGCCGCCAGCGTTGATTC
TGAGCCAGGATCAAACTCT
>A91.3.1
CGGCGCTACTTAACACTGACAGTCAACAGGATCGCTTGTGTAGACAATACTAGGACGGTC
CTAGTGGACGACACGGGTGAGTAACACGTGGGACAACCTGCCCTTGAGTCCGGGATACCC
TCTCGAAAGGGAGGCTAATACTGGATACGTTCCTCGGGTCGCAAAGGACTTGGGGAGGAA
AGGTGGCGAAAAGACTGCCGCTCTTGGAGGGGGCTCGCGGCCTATCAGACTAGTTGGTGA
GGTAACGGCTCACCAAGGCTATGACGGGTAGCTGGTCTGAGAGGACGAACCAGCCACACG
GGAAACTGAGACACGGGTCCCGAACTCCTAACGGGAAGGNAGCCAGTGGGGGAAATTTTT
CCGCAATGGGACGAAAGCCCTGAACGGAGTGACGCCGCGTGGGGGACGAAGGCCTTCGGG
TTGTAAACCCCTGTCAGAGGGAAAGAAGGGCGTCGGCGTTAATAGCGCGGCGTCTGACGG
TAACTTCGAGGAAGCCCGGCCAACTCTGTGCAGCCGCCCGGT
>A91.3.2
CCTATCAGCTAGTTGGCGAGGTACCGGCTCACCAGGGCGACAACGGGTACCGGGGCTGAG
AGGTCGCCCGGCGCNTTGGGACTGAAACACTGCCCCGACTCCTACGGGAGGCTGCAGTAA
CGATTATTGGGCAATGGGCAACAGCCTGACCCCGCGATGCCGCGTGCGGGATGAAGCCCT
TCGGGGTGTAAACGCGGTCGGGACTACC
>A91.3.3
GGCTGCTGGCACGAAGTTAAGCCGTGGCTGCTTCTGGAGGTACCGTCCGAATGGGTTACC
CCATCCCATCTTCCCTCCCGAAAGGGGTTTACAATCCGAAGACCTTCATCCCCCACGCGG
CGTCGCTGCGTCAGGCTTTCGCCCATTGCGCAATATTCCTTACTGCTGCCTCCCGTAGGA
GTCTGGCCCGTGTCGCAGTGCCAGTGTGGCTGATCATCCTCTCAGATCAGCTAACCCGTC
GAAGCCTTGGTGAGCCGTTACCTCACCAACAAGCTGATAGGGCATGAGCCCATCCAAGAG
CGCGATACCCACGGTATCGCTTTCCTTCCCAGACCGCAGTCCGGGAAGCGTACGCGGTAT
TAGCTAACCTTTCGGCTAGTCATTCCCCACTCGAGGGTAGGTTACCCATGTATTCCTCAC
CCGTTCGCCACTGTACATGTGTATTGCTACACATTCTCGTTCGACTTGCATGTATTAGGC
GCGCCGCCAGCGTTCGTTCTGAGCCAGGATCAACCTCT
>A92.1.2
ACCGGGGCTGCTGGCACGGAGTTAGCCGGGGCTTCTTCCGCAGGTACCGTCATTAGGTTC
GTCCCTGCCGAAAGGGTTTTACGTACCAAGATACTTCATCACCCACGCGGCGTTGCTTGG
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TCAGGCTTGCGCCCATTGCCAAAAATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGACCG
TGTCTCAGTTCCAGTGTGGCCGTGCTCCCTCTCAGGACGGCTACTGATCGACGCCTTGGT
GAGCCGTTACCTCACCAACTAGCTAATCAGGCGCGGACCCCTCTTCGAGCAAATTGCTCT
TTCAACCCCAGAACTGTGTCCGAGGTGTTATGCGGTATTAGCCCTCCTTTCGGAAGGTTA
TTCCCCACTCAAAAGCAGGTTGTCCACGTGTTACTCCCCCGTGCGCCACTCTACTAACCC
TGGCGGGCCTTCGCGTTCGACTGCATGTGTAGGCACGCGCCAGCGTGATTCTGAGCAGGA
TCAACTCT
>A92.1.3
ACCGGGGCTGCTGGCACGTAGTTAGCCGGTGCTTCTTCTTACGGTACCGTCATCCACGCG
ACTTATTAGATCGCGCGATTTCGTTCCGTCCGAAAGTGCTTTACAACCCGAAGGCCTTCT
TCACACACGCGGCATGGCTGGATCAGGGTTGCCCCCATTGTCCAAAATTCCCCACTGCTG
CCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGGTCGTCCTCTCAGACC
AGCTACGGATCGTCGCCTTGGTAGGCTTTTACCCCACCAACTAGCTAATCCGGCATCGGC
CGCTCCTCTCGCGCAAGGCCTTGCGGTCCCCTGCTTTCATCTCTCGATCTCATGCGGTAT
TAGCCAATCTTTCGACTGGTTATCCCCACAAGAGGACACGTTCCGATGCATTACTCACCC
GTTCGCCGCTCGCCGCCAGGGTTGCCCCCGCGCTGCCGCTCGACTTGCATGTGTAAGGCA
TGCCGCCAGCGTTCAATCTGAGCCAGGATCAAACTC
>A92.2.1
ACCGGGGCTGCTGGCACGTAGTTAGCCGGGGCTTATTCCCGGGGTACCGTCTGTATCTTC
CCCCGGAAAAGGGCTTTACGACCCGAAGGCCTTCTTCGCCCACGCGGCGTCGCTGCGTCA
GGGTTTCCCCCATTGCGCAAGATTCCTAACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGT
CTCAGTCCCAGTCTGGCTGGCCATCCTCTCAGACCAGCTACCCGTCATAGGCTTGGTGGG
CCGTTACCCCTAAACCAACTACCTGATGGGACGCGAGCCCCGCCGTGGGCGAAAAACCTT
TTCCCCCCTAGATCCTAGTCTAGGGGACGTATGCGGTATTAGCCCCCTTTCGGGGGGTTA
TCCCCCTCCCACGGGTAGGTCACTCACGGGTTACTCAGCCGTTCGCCACTGCTATCCTTG
CGAATAGCCGTTCGACTTGCATGTTTTAAGCACGCCGCCAGCGTTCGTCCTGAGCCAGGA
TCAAACTCT
>A92.2.2
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCCTTACACATGCAAGTCGAGC
GGCAGCGCGGGGGCAACCCTGGCGGCGAGCGGCGTACGGGTGAGTAATGCATCGGAACGT
GTCCTCTTGTGGGGGATAACCAGTCGAAAGACTGGCTAATACCGCATGAGCTCGTGAGAG
GAAAGCAGGGGACCGCAAGGGCCTTGCGCGAGAGGAGCGGCCGATGCCGGATTAGCTAGT
TGGTGGGGTAAAAGCCCACCAAGGCGACGATCCGTAGCTGGTCTGAGAGGACGACCAGCC
ACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGAC
AATGGGCGCAAGCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAA
GCACTTTCGGCCGGAACGAAATCGCGCGGGCGAATATCCCGCGTGGATGACGGTACCGGA
AGAAGAAGCACGGCTACTACGTGCAGCAGCCCGGT
>A92.2.3
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCTTTACACATGCAAGTCGAGA
CGGCAGCGCGGGGGCAACCCTGGCGGCGAGCGGCGAACGGGTGAGTAATGCATCGGAACG
TGTCCTCTTGTGGGGGATAACCAGTCGAAAGACTGGCTAATACCGCATGAGCTCGTAAGA
GGAAAGCAGGGGACCGCAAGGCTTTGCGCGAGAGGAGCGGCCGATGCCGGATTAGCTAGT
TGGTGGGGTAAAAGCCCACCAAGGCGACGATCCGTAGCTGGTCTGAGAGGACGACCAGCC
ACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGAC
AATGGGCGCAAGCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAA
GCACTTTCGGCCGGAACGAAATCGCGCGTGTTAACACCTCGCGTGGATGACGGTACCGGA
AGAAGAAGCACCGGCTAACTACGTGCCAGCAGCCCGGT
>A92.2.4
ACCGGGGCTGCTGGCACGAAGTTAGCCGGGGCTTCTTCTGCGGGTACCGTCATTATCGTC
CCCGCTGAAAGGATTTTACAATCCTAAGACCTTCATCATCCACGCGGCATGGCTGCGTCA
GGCTTTCGCCCATTGCGCAAGATTCCCCACTGCTGCCTCCCGTAGGAGTTTGGGCCGTGT
CTCAGTCCCAATGTGGCTGGCCATCCTCTCAGACCAGCTACTGATCGTAGCCTTGGTGAG
CCTTTACCTCACCAACAAGCTAATCAGACGCGGGCCGCTCTAAAGGCGATAAATCTTTCC
CCCGAAGGGCACATCCGGTATTAGCACAAGTTTCCCTGTGTTGTTCCGAACCTAAAGGCA
CGTTCCCACGTGTTACTCACCCGTCCGCCACTAACCCCGAAGGGTCCGTTCGACTTGCAT
GTGTTAAGCCTGCCGCCAGCGTTCGCTCTGAGCCAGGATCAAACTC
>A92.3.2
ACCGGGGCTGCTGGCAACAAGAGTTAAGCCGTCCCTTCCTCTTCGGCTACTATCAAATCC
AATGGCAGTTAACCAAGGACCTTGTTTCACCAATGACAGGAGTNTAACAATCCGAAGACC
TTCATCCTCCACGCGGCGTCGCTCCTTCAGGGTTTCCCCCATTGAGAAAAATTCTCGACT
GCTGCCACCCGTAAGTGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGGTCGTCCTCTCA
GACCAGCTACCCGTCATCGCCTTGGTAAGCCGTTACCTCACCAACTAGCTGATAGGCCGC
GGGCCCATCCAGAAGCGTTAGCTTTCACCAACTTTGGCCTCAGGAGGAATCCCTCCCTAG
CCTCATGCGGTATAAATTCGCCTTTCGGCGAGCTATCCCACTCTTCCGGGCAGGTTGCCC
ACGTGTTACGAACCCTTACGCAACTAACCACCCACTGTATTGCTACAATGAAATCCGTTC
GACTTGCATGTCTTATCCACGCCGCCAGCGTTCGTTCTGAGCCAGGATCAAACTCTAAGG
>A92.3.3
ACCGGGGCTGCTGGCACGTAGTTAGCCGGGGCTTCTTCTGAAGGTACCGTCACCCTCTGG
GCTATTCACCCGAGTAGCTTCGTCCCTCCTGAAAGCGGTTTACAACCCGAAGGCCTTCTT
CCCGCACGCGGCGTCGCTGCGTCAGGCTTTCGCCCATTGCGCAAGATTCCCCACTGCTGC
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CTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGATCGTCCTCTCAGACCA
GCTACCGATCGTCGCCTTGGTGAGCCGTTACCTCACCAACAAGCTAATCGGCCGCAGGCC
CGTCCTCGGTCGGAGGCCGAAGCTACCTTTTCTCGCCGATCCGCAGATCGGAGAGGCCAT
CCGGTATTAATCCGGGTTTCCCGGGCTATTCCGGTACCGAGGGTTGGTTGCCCACGTGTT
ACTCACCCGTTCGCCGCTTT
>A92.3.4
ACCGGGGCTGCTGGCACGTAGTTAGCCGTGGCTTATTCGTGAGGTACCGTCAGTAACTTC
TGACTCTCACAAAAGAAGTTCTACTGACCCGTAAGAGTCCTTCATCCCTTCACGCGGCGT
CGCTGGGTCATGGCTCTCGCCCAGTGCCCAAGATTCCTCGCTGCTGCCTCCCGTAGGAGT
CGGGGCCCTGTCTCCCTTCCGATCTGGCTGGCTCGTCCTCTCAGCACCAGCTGACCCGAT
CACAGCTCTTGAGTACCGGCCGTTACCCCAC
>A92.3.5
ACCGGGGCTGCTGGCACAGAGTTAGCCGGGGCTTCCTCACTCGGTACCGTCAGACCTCGA
CGTATTAGGTCGAGGCTTTTCGTCCCGAGCAACAGGAGTTTACAATCCGAAGACCTTCAT
CCTCCACGCGGCGTTGCGTCATCAGGCTTGCGCCCATTGTGAACAATTCCCCACTGCTGC
CTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGTCCGTCCGCCCTCTCAGGCCG
GATACTGATCGTCGCCTTGGTGGGCCGTTACCTCACCAACTAGCTAATCAGACGCGGGCC
CCTCATCAAGCGCCAGGTCTTGCGATCCCCGGCTTTGATCTCCGCCTGTTCAAAGGCAGG
ATGTTATGCGGTATTAGCGTCCCTTTCGGGACGTTATCCCCCACTCGAAAGTAGGTCACC
CACGTGTTACTCACCCGTTTGCCACTCAGTTACCCCTTGCGGGGTAACCGCGTTCGACTT
GCATGTGTTAGGCACGCCGCCAGCGTTGATTCTGAGCCAGGATCAAACTCT
>A93.1.1
ACCGGGGCTGCTGGCACAGAGTTAGCCGGGGCTTCCTTTGCTGGTACAGTCAACGGCGAC
GGTATTAGCGCCCGCCGATTTCTTCCCAGCCGACAGGAGTTTACAACCCAAAGGCCTTCA
TCCTCCACGCGGCGTTGCTGCGTCAGGCTTTCGCCCATTGCGCAAGATTCCCCACTGCTG
CCTCCCGTAGGAGTCCGGACCGTGTCTCAGTTCCGGTGTGGCCGATCACCCTCTCAGGCC
GGCTACCGATCGTTGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATCGGGCGCGGGC
CCATCCGGTAGCGCGAGATCTTGCGACCCCGCTTTGATCGTCAGGACTTTCGTCCCAAGA
TTTCATGCGGTATTAGCTCGAGTTTCCCCGAGGTATTCCCCACTTCCGGGCAGGTTACCC
ACGTGTTACTCACCCGTCCGCCACTAAACTGAGGAGTTGCCCCCTCAGCCTCGTTCGACT
TGCATGTGCTAAGCACGCCGCCAGCGTTCATTCTGAGCCAAGATCAAACTCT
>A93.1.5
AGAGTTTGATCCTGGACTCAGAATTGAAAACGACTGGCGGCATGACCTTACACATGACAA
GTCGAAACGCGAAAAAGGGGGACAACCCCCAAGTAGAAGTGGCGAAACGGGTGAGTAACA
CATCGGAAACGTGCCCAGTAGTGGGGGACAAACCTCGAAGAAAATCAANGGCTAATACCG
CATACGAACCCACGGGTTGAAAAGCGGGGGAACCGCAAAGGCCTCGCGCCTATTGGAGCG
GCCGATGTCCGATTAAGCTAGTTGGCGGGGTAAGAGACCCACCAAGGCGACGATCGGTAG
CTGGTCTGAGAGGACGACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGA
GGCAGCAGTGGGGAATTTTGGACAATGGGCGCAAGCCTGATCCAGCCATGCCGCGTGCGG
GAAGAAGGCCTTCGGGTTGTAAACCGCTTTCGGCCGAACAAAATCGCCCGGGTAACATCC
CGGGTGGATGACGGTAACGGAAGAAGAAGCCCCGGGCTACCTACGTGCCCGCAGCCCCGG
>A93.2.1
TAGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCCTTAACACATGCAAGTCGA
ACGGCAGCACGGGGGCAACCCTGGTGGCGAGTGGCGAACGGGTGAGTAATGCATCGGAAC
GTGCCCAGTAGTGGGGGATAACCAGTCGAAAGATTGGCTAATACCGCATACGACCTAGGG
TGAAAGCGGGGGACCGTAAGGCCTCGCGCTGTTGGAGCGGCCGATGTCTGATTAGCTAGT
TGGCGGGGTAAGAGCCCACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGACGACCAGCC
ACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGAC
AATGGGGGCAACCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAA
GCACTTTCGGACGGAACGAAATCGCGCGGGTGAACAATCCGCGTGGATGACGGTACCGTA
GGAAGAAGCACCGGCTAACTACGTGCCGCAGCCCCGGT
>A93.2.3
TAGAGTTTGATCCTGGCTCAGAATTGAACGCTGGCGGCATGCCTTAACACATGCAAGTCG
AACGGCAGCAACGGGGGCAAACCCTGGTGGCGAGTGGCGAACGGGTGAGATAATGCATCG
GAACGTGCCCAGTAGTGGGGGATAACCAAGTCGAAAGATTGGCTAATACCGCATACGACC
TACGGGTGAAAGCGGGGGACCGTAAGGCCTCGCGACTGTTGGAGCGGCCGATGTCTGATT
AGCTAGTTGGCGGGGTAAGAGCCCACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGACG
ACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAAT
TTTGGACAATGGGGGCAACCCTGATCCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGG
TTGTAAAGCACTTTCGGACGGAACGAAATCGCGCGGGTGAACAATCCGCGTGGATGACGG
TACCGTAGGAAGAAGCACCGGCTAACTACGTGCAAGCAGCCCCGG
>A93.2.5
ACCGGGGCTGCTGGCACGTAGTTAGCCGGTGCTTATTCCGCCGGTACCGTCAAGAACACA
GGGTGTTGGCCTGTGCCTTTTCTTCCCGGCTAAAAGCGGTTTACAACCCGAAAGGCCTTC
TTCCCGCACGCGGCATGGCTGGATCAGGGTTGCCCCCATTGTCCAAAATTCCCCACTGCT
GCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGATCATCCTCTCAGAC
CAGCTACCGATCGTCGCCTTGGTAGGCCATTACCCCACCAACAAGCTAATCGGACATCGG
CCGCCCCCATAGCGCGAGGCCTTTCGGGTCCCCCGCTTTCCTCCGTAGAGCATATGCGGT
ATTAGTCCGGCTTTCGCCGGGTTATCCCCACTACGGGACACGTCCGATGCATACTCCCCG
TTCGCCCTGACCAGAGTGCCCCTGGCCGTCGACTGCATGTGTAAGCATGCGCAGCGT
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>A93.3.2
ACCGGGGCTGCTGGCACGAAGTTAGCCGGGGCTTCTTCTGCGGGTACCGTCATTATCTTC
CCCGCCGAAAGGGCTTTACAACCCTAGGGCCTTCATCACCCACGCGGCATGGCTGGATCA
GGCTTGCGCCCATTGTCCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGT
CTCAGTCCCAGTGAGGCTGATCATCCTCTCAGACCAGCTACTGATCGTCGCCTTGGTGGG
CCGTTACCCCACCAACTAGCTAATCAGACGCGGGCCGATCCTTCAGCGATAAATCTTTCT
CCTTACGGACGTATTCGGTATTAGCCCAAGTTTCCCTGGGTTGTTCCGAACTGAAGGGTA
CGTTCCCACGTGTTACTCTCCCGTCTGCCGCTCCCCTTGCGGGGCGCTCGACTTGCATGT
GTTAGGCCTGCCGCCAGCGTTCATCTGAGCCAGGATCAAACTCT
>A93.3.4
ACCGGGGCTGCTGGCACGAAAGTTAGCCGGGGCTTCTTCTCCGGATACCGTCAATTATCT
TCTCCGGTGAAAGAGACTTTACAACCCCTAAGGGCCTTCATTCACTCACGACGGCATGGC
TGGATCNGGCTTGCGACCCATTGTCCAATATTCCCCAACTGCTGCCTCCCGTAGGAGTTT
GGGCACGTGTCTCAGTCCCAATGTGGCTGATCATCCTCTCAAGAAACCAAGCTATGGAAT
CGTCGCCCTTGGGTAGGGCCTTTAACCCCACCAACTAGCCTAAATCCAACGCGGGCTCAT
CCATCTCCGATAAATCTTTCCCCAAAAGGGCGTATACGGTATTAGCAACAAGTTTCCCCT
GAGTTATTTCCGTAGAGAATGGGAAGAATCCCCACGCGTTACTCACCC
>A93.3.5
ACCGGGGCTGCTGGCACGTAGTTAGCCGGGGCTTCTTCTGAAGGTACCGTCACTCCAGCC
GGCTATTCACCGTCGAAGCTTCGTCCCAACTGAAAGAGGTTTACAACCCGAAGGCCGTCT
TCCCTCACGCGGCGTTGCTGCGTCACGCTTTCGCGCATTGCGCAAGATTCCCCACTGCTG
CCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGATCGTCCTCTCAGACC
AGCTACGCATCGTCGCCTTGGTAGGCCATTACCCCACCAACAAGCTAATGCGCCGCGGGC
TCATCCAGTTGCGGAGGCCGAAGCTTCCTTTCCCCCGAGGGGCACATCAGGTATTAGCCC
GGGTTTCCCCGGGTTGTCCCTGTCAACTGGGCAGATGACCCACGTGTTACTCACCCGTTC
>A10-1.1.1
CGGCATGCCTAACACATGCAAGTCGAACGAGAAAGGGGCTTCGGCTCCAAATAAAGTGGC
CCACGGGTAAGTAACACGTGGGTAACCTGCCTCTAAGATGGGGATNCCCCGTTGAACGAT
GGGCTAATACCGGATAAGACCACCAGTCCCTGCGGGGACGGAGGTCCAAGGTAGCCTCTA
TTTATAAGCTATCACTTAAAAATTGGCCTGCGCCCCCTTAGCTAGTTGGTAGGGTAACGG
CCTACCAAGGCAAAGATGGTTGCCTGGTCTGAGAGGATGATCAGCCACCCTGGAACTGAG
ACCCGGTCCAGACTCCTACGGGAGGCCGCAGTGGGGAATTTTGCGCCTTGGGCGAAAGCT
TGACCCCAGCAACGCCGCNTGAGTGATAAAGGCCTTCGGGTCGTAACGCTC
>A10-1.1.3
AGAGTTTGATCCTGGCTCAGGATGAACGCTGGCGGAGTGCCTTAAGCATGCAAGTGGAAT
GGAGTTTGGGCCGCAACTTGAGAAACACCATCGCAGACGGGTGAGTAATGCATAGGAATC
TACCCAATGGTGTGGAATAACCCCGCGAAAGCGGGGACAATACCGCATAATCCCTTACGG
GGAAAGGCCGCAAGGCCGCCGATGGAGGAGCCTATGCCCTATCAGCTAGTTGGTGGGGTA
AAAGCCTACCAAGGCGATGACGGGTAGCTGGACTGAGAGGTCGGTCAGCCACAATAGCAC
TGAGATACGGGCTATACATCTACGGATGGCAGCAACTGGGAATATTGCGCAATGGGCGAA
AGCCTGACGCAGCGACTCCGCGTGAAGGATGAAGGCCTTAGGGTCGTAAACTTCTTTTG
>A10-1.2.1
GGCGGCATGGCTAAACCCATGCAAGTCCGAAGCGCGAAAAGGAGAGCCAATCTCCGAAGT
AGAGCGGCGAAAAGGGTGAAGTANCCCTTTTCTTCCGTGCCCCGAGGTCAGGGATAGCCA
GGGGAATACCCCGATTTNCGACCCCGAAATATTTGTCTACGGACCNGGCCTTGCTGCCCT
CGGGAGCGGGGAATGTCCTATCAGCTAGTTGGTGGATTGTTTTCGGCTCACCNGGCTTTG
ACGGGTNCCGGGTGTGAGAGCCATGGCCCGCCACTTCGGACTGNACCCTGCCCCGGACCT
CCTTCGGGAGGCCTGCTGTACCAATTTCCGCAATGCCCAAAGCGTGACGGACCATGCCCG
TGCCGGATGACCCCTCGGGGTGTCCTGCTGTCGGTTTT
>A10-1.2.2
ACCGGGGCTGCTGGCACGGAGTTAGCCGATGCTTATTCGTACGGTACCGTCAATCCCGGT
CACGACCAGGAGTTCGTCCCGTACAAAAGAAGTTTACAACCCATAGGGCATTCATCCTTC
ACGCGGCATGGCTGGGTCAGGCTTGCGCCCATTGCCCAATATTCCTCACTGCTGCCTCCC
GTAGGAGTCTGGTCCGTGTCTCAGTACCAGTGTGGGGGATCATCCTCTCAGACCCCCTAA
CATCGTAGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGGCACGCATGCCCATCTT
TAACCGCCGGAGCTTTAATCACTAAAAGATGCCTTTCTATGATCTTATGGGGTATTAATC
CGAATTTCTCCGGGCTATCCCCCAGTTAAAGGAAGGTTGCATACGCGTTACTCACCCGTG
CGCCGGTCGTCAGCACGTATTGCTACGCCTGTTACCGCTCGACTTGCATGTGTTAGGCAC
GCCGCCAGCGTTCATCTGAGCCAGGATCAAACTCT
>A10-1.2.3
GGCTCAAAACAAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAGCGAAAAAGGGGGGG
CAACCCCCTGAGTAGAGCGGCGCACGGGTGAGTAACGCGTGGGTAACCTACCCCCAGGCG
GGGGATAACTACTCGAAAGGGTGGCTAATACCGCATGAGACCACGGGATCTTCGGATCCT
GAGGCTAAAGATTGTACCGGCTTGCCGGTGTCGTCACCAGGGGTATGGGCCCGCGTCCGA
CTAGCTAGTTGGCGAGGTAATGGCTCCCCAAGGCTACGATCGGTAGCTGGTCTGAGAGGA
TGATCAGCCACACTGGAACTGAAACACCGTCCAACTCCTACGGGAAGCAGCAGTGAAGAA
TATTGCGCAATGGGGGAAACCCTGACGCACCAACCCCCCGTGGGTGAAAAAAGCCTTCCG
GTCGTAAAGCCCTTCGACGGGACAAC
>A10-1.2.4
ACCGGGGCTGCTGGCACGTAGTTAGCCGAGGCTTTCTTTAGGGGTACCGTCATTATTCGT
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TCCCCTCAACAGAGGTTTACAACCCGAAGGCCTTCTTCCCTCACGCGGTATCGCTGCATC
AGGCTTTCGCCCATTGTGCAAGATTCTGAGCTGCTGCCTCCCGTAGGAGTCTGGGCCGTG
TCTCAGTCCCAGTCTGGGTGATCGTCCTCTCAGACCACCTAACCATCATCGCCTTGGTAG
GCCATTACCCCACCAACTAGCTAATAGTCCGCAGGCCCCTCCCCCGGCACCGGAGTTTTC
AACCCGAAGGTATTATTCGGTATTAGTCCGCCTTTCGGCGAATTATCCCGATCCGGAGGG
TAGGTTCCTACGTGTTACTCAGCCGTTCGCCACTCTCACCAGAGCCGAAGCTGGATCCCG
TTCGACTTACATGCGTCAGACGTACCGCCAGCGTTCATC
>A10-1.2.5
ACCGGGGCGCGGCCGAGTAAGCCATGCTATTCCCAGGGTACCGTCATTGCGCACACGTGC
GCAGTCTCTCCCCCTGGAAAAGCAGTTTAACAACGCTTAGCGCCGTCTTCCTGCACGCGG
GATGGCTGGTTCAGGCTTGCGCCCATTGACCAATATTCCTCACTGCTGCCTCCCGTAGGA
GTCTGGTCCGTGTCTCAGTACCAGTGTGGGGGACCACTTTTTCAGGACCCCTAAACATCA
AAGCCTTGGTAAGCCGTTACCTTACCACTAGCTAATGTTACGCATGCCCATCCCGTACCG
CCGGAACTTTANTATCAAAGATGCCTCTTAATATTTCTATGGGATATTAGTTCCGAATTT
CTCCGGGTTATTCCCCCTGTACAGGGTAGGTTACCTTCGCGTACTCCCCCGTTTGCCCGG
TCTGCCCCCAGGTATTGCCTTCCCCGTGATGCCCCTCCGACTTGCCTGTGTTAAGCCTCC
CGCTACCGTTCTCCTGACC
>A10-1.2.6
GAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACG
AGTCCACCCTTTCGGGGGTGAGGCGAGTGGCGGACGGGTGAGTAACACGTGAGCAACCTG
TCTCCGTGCGGGGGACAACCCGGGGAAACCCGGGCTAATACCGCATGGGCGGGACCTTCG
AGTGGAGGACCTGGGAAAGACGGCCTCTTGACAATGCTGTCGCGCGGAGAGGGGCTCGCG
GGCTATCAGCTGGTTGGTGAGGTAACGGCTCACCAAGGCGACGACGGCTAGGGGGTCTGA
GAGGACGACCCCCCACATTGGAACTGAGACACGGTCCAGACCCCTACGGGAGGCAGCAGT
CGAGAGGCTTCGGCAATGGGGGAAACCCTGACCGAGCGACGCCGCGTGGAGGATGAAGGC
CTTTGGGTTGTAAACTCCTGTCATGTGGGAAGAAACGCCACCGCGCGAATAGTACGGTGG
TCTGACGGTACCACAAAGGAAGCTCCGGCTAACTCCGTGCCAGCAGCCCCGG
>A10-1.2.7
ACCGGGGCTGCTGGCACGAGTTAGCCGGTGCTTCCTTTGGAGGTACCGTCAGGCTCCCGT
CCTGTTTGAACGTGAACCGTTCTTCCCCTCCCGACAGAGGTTTACGACCCGAGGGCCTTC
ATCCCTCACGCGGCGTTGCTGGGTCAGGCTTTCGCCCATTGCCCAAAATTCCCGACTGCT
GCCTCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGATCATCCTCTCAGAC
CAGCTACCCATCAAAGCCTTGGTGAGCCGTCACCTCACCAACTAGCTAATGGGACGCGGG
CTCATCGAAGGGCGATAGCTTCCAAGGAGAGGCCATCTTTTCCCGCAAGCTCCGAGGAGC
TCGTGGTCTTATCCAGTATTAGCCCCAGTTCCCCGGGGTTGTCCTAGACCCTAAGGCAGA
TTACCCACGCGTTACTCACCCGTGCGCCACTCGAGTGCCCCCGAAAGGGGCCTTCCGTAC
GACTGCATGTCTAGGCACGCGCCAGCGTCGT
>A10-1.3.3
AGAGTTTGATCCGGCTCGAACAACGCTGGCGGCGTGGATAAGACTGCAGTGGGACGCTGG
TTGCCGGGTAGCAATATTCGGCAGTTGGAGTCGCGTAAGGGTGCGTTATACGTGGGTAAT
CTGCCGCGAAGACCGGAATAACTCGCTGAAAGGCGAGCTAATACCGGATGTGATGGTGGT
TGGCATCTTCCGCTAATCAAAGTTGGGGACTGAAAGGCCTGACACTTCTCGATGAGCCCG
CGGCCTATCAGCTAGTTGGTGGGGTAACGGCTCACCAAGGCTAAGACGGGTAGCTGGTCT
GAGAGGACGACCAGCCACACTGGAACTGAGACACGGTCCAGACACCTACGGGTGGCAGCA
GTCGAGAATTTTTCACAATGGGCGAAAGCCTGATGGAGCGACGCCGCGTGGGGGATGAAT
GGCTTCGGCCCGTAAACCCCTGTCATTTGCGATCAACCTCACGACTAATACGCCGTGAGT
TGATAGTAGCGAAAGAGGAAAGGACGGCTAACTCTGTGCCAGCAGCCCCGGT
>A10-1.3.4
ACCGGGGCGCTGGCACGGAGTAGCCGGGGCTTCCTCTAGCGGTACCGTCACTTCCACGAC
GTATTAGGTCGTGGATCTTTCGTCCCGCTCGACAGGAGTTTACGACCCGAAGATCTTCAT
CCTCCACGCGGCGTTGCGTCGTCAGGCTTGCGCCCATTGCGAACAATTCCCCACTGCTGC
CTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGTCCGCCCTCTTTTGCCG
GCTACCGATCGTCGCCTTGGTGAGCC
>A10-1.3.5
ACCGGGGCTGCTGGCACAGAGTTAGCCGGGGCTTCCTCACCCGGTACCGTCAGACTTCAA
CGTATTAGGTTGAAGCTTTTCGTCCCGGGCAACAGGAGTTTACAATCCGAAGACCTTCAT
CCTCCACGCGGCGTTGCGTCAATCAGGCTTGCGCCCATTGTGAACAATTCCCCACTGCTG
CCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGTCCGTCCGCCCTCTCTAGGC
CGGATACTGATCGTAAGCCTTGGTAGGCCATTACCTACCAACTAGCTAATCAGACGCGGG
CCCCTCTCCAAGCGCCAGGTCTTGCGATCCCCGGCTTTGATCTCCGCCTTTCTAAAGCAG
GGATGTTATGCGGTATTAGCGTCCCCTTTCGGGACGTTATCCCCCACTCTGAGGCAGGTC
ACCCACGTGTTACTCACCCGTGCGCCACT
>A10-2.1.1
ACCGGGGCGCTGGCACGAGTAGCCGGGGCTTCCTCACTCGGTACCGTCAGACCTCGACGT
ATTAGGTCGAGGCTTTTCGTCCCGAGCAACAGGAGTTTACAATCCGAAAGACCTTCATCC
CTCACGCGGCGTCGCATAGTCAGGCTTTCGCCCATTGCTAAATACTCTCGACTGCAGCCT
CCCGTAGGAGTCTGGGCAGTGTCTCAGTCCCAGTGTGGCTGACCATCCTCTTTTTACCAG
CTACCCGTCATACGCCTTGGTGGGCCGTTACCTCACCAACTAGCTGATAGGACGCGAGCC
CATCTCTAAGTGACCGGCCTTACGGTCCCGGTCTTTAATCCTCGGACATGCGCCCTAGGA
TACCATCAGGAATTACCTCCGTTTTCACGAAGGCTGTTCCCTGCTTAAGGGTAAGTTGCT
CCCGTGTTACTCACCCGTTTGCCGCT
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>A10-2.1.2
ACCGGGGCTGCTGGCACGAAGTAAGCCCGTGGGCCTGGCTTTCCTTGGAAGGTTACCGTC
CGAACGATTGCTCCGTTCCCAATCTTCCCTCCCGAAAGGGGTTTACAATCCGAAGACCTT
CATCCCCCACGCGGCGTCGCTGCGTCAGGCTTTCGCCCATTGCGCAATATTCCTTACTGC
TGCCTCCCGTAGGAGTCTGGCCCGTGTCGCAGTGCCAGTGTGGCTGATCGTCCCTCCTCA
GACCAGCTACCCGTCGAAAGCCTTGGTGAGCCCGTTAACCTCACCCAAACCAAAGCTGAA
TAGGGACATTGAGCCCCATTCCAAAGAAGCGCGATACCCACGGTAATCGCTTTTCCTCCC
TGAACCGAAGTCCAAGGAGCGTACGCGGTATTAGCTAACCTTTCGGCTAGTTATCCCACT
CGAGGTAG
>A10-2.1.3
TCAGGCCGGCTACAGATCCTCGCCTTGGTAAGCCGTTAACCTTACCAACTAGCTAATCTG
CCGCAGGCTCCTCTTCCGAACGCGAAGTCTTTCGATCCCCCCGCTTTAACCAACTGTCAC
CATTAGGGTGCCGCTGCCTTATGCGGTATTAGCACCCGTTTCCGGTTGTATTCCCCTCCC
AGGTGATACCTCGTGTACTCCCGTGCCCTCTCT
>A10-2.2.1
GGTACCATCACCAGCTTATTCCCCCGAGGACAGGAGTTTACGATCCGAAAACCTTCATCC
TCACGCGGCGTTGCTGCGTCAGGGTTCCCCCATGGCGCAAAATTCCCCACTGCTGCCTCC
CGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCCGTCCGTCCTCTCAGACCGGCTA
CCGATCGTCGCCTTTTTGGGCTCTTACCCCGCCAACCAGC
>A10-2.2.3
GGGCTGCTGGCACGTAGTTAGCCGAGACTTATTCCGGGGATACGGTCCTTCCTCCTCTCC
CCGAAAAGCGCTTTACGACCCGAAGGCCTTCGTCGCGCACGCGGCGTTGCTGCATCAGGC
TTGCGCCCATTGTGCAATATTCCCTACTGCTGCCACCCGTAGGTGTCTGGCCCGTGTTTC
AGTGCCAGTGTGGGGGGCCACCCTCTCAGGCCCCCTACCCGTCGTCGCCTTGGTAGGCCG
TTACCCTACCAACCAGCTGATGGG
>A10-2.2.4
ACCGGGGCTGCTGGCACGTAGTTAGCCGGGGCTTCTTCTGGAGGTACCGTCACCCTCTCG
GCTATTAACCTGAGTGGCCTCGTCCCTCCTGAAAGCGGTTTACAACCCGAAGGCCTTCTT
CCCGCACGCGGCGTCGCTGCGTCAGGCTTTCGCCCATTGCGCAAGATTCCCCACTGCTGC
CTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGATCGTCCTCTCAGACCA
GCTACCGATCGGAGCCTTGGTGAGCCATTACCTCACCAACAAGCTAATCGGCCGCGGGCC
CATCCTCAGCCGGAAGCCGAAGCCACCTTTTCTCATTCGCCCGAGAGCTCATGAGGCTGT
CCGGTATAATCCGAGTTTCCCGGGCTATCCGGTGCCGAGGGCAGGTTACCCACGTGTTAC
TCACCCGTTCGCCGCTTTCCCCAGNGCCGAAGCCCTGGTTCTCGCTCGACTTGCATGTGT
TAGGCGCGCCGCCAGCGTTCGTCCTGAGCCAGGATCAACTCT
>A10-2.2.5
AGAGTTTGATCCTGGCTCAGAATCAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAAC
GCGAAAGGGGCTTCGGTCCCGAGTAGAGTGGCGGACGGGTGAGTAACACGTGGGTGACCT
GCCTTTCAGAGGGGGATAACTCCGGGAAACTGGAGCTAAGACCGCATGCGCCCTTGGACG
ACGAGTTTGAAGGGGAAATGTCGAAAAGACAGCTGAAAGAGGGGCCCGCGCCCGATTAAG
CTAGTTGGCGGGGTAAGAGCCCACCAAGGCGACGATCGGTAAGCCGGTCTGAGAGGACGG
ACGGCCACACTGGAACTGAAGAGACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAAT
TTTGCGCAATGGGGGAAACCCTGACGCAGCAACGCCGCGTGGAGGATGAAGGTTTTCGGA
TCGTAAACTCCTGTCCCCAGGGACGAAAAAAATGACGGTACCTGGGGAAGAAGCCCGGGC
TAACTCCGTGCCCGCAGCCCCGGT
>A10-2.3.1
ACCGGGGCTGCTGGCACGGAGTTAGCCGGGGCTTCTTCTACGGGTACCGTCAACCTTGCG
GCTTCGTCCCCGTCGAAAGGATTTACGTACCGAGATACTTCATCATCCACGCGGCATTGC
TTCGTCAGGGTTGCCCCCATTGCGAAAAATTCCCCACTGCTGCCTCCCGTAGGAGTCTGG
ACCGTGTCTCAGTTCCAGTGTGGCCGACCGTCCTCTCAGACCGGCTACTGATCAAAGCCT
TGGTGAGCCATTACCTCACCAACTAGCTAATCAGCCGCGGACCCCTCTCATAGCGAATTG
CTCCTTTCCTGACGAAATCCACAGATCTCGTCAGAATATGCGGTATTAGCACCGGTTTCC
CGGTGTTATTCCCCACTTTGAGGCAGGTTATCCACGTGTTACTCACCCGTGCGCCGCTGT
ACTCATGTATTGCTACACTTTCTCGCTCGACTTGCATGTGTTAGGCATGCCGCCAGCGTT
GATTCTGAGCCAGGATCCAACTCT
>A10-2.3.3
GCTGGCGGCGCGCTTAACACATGCAAGTCGAGCGAGAACCAGTCCTTCGGGACTGGGGAC
AGCGGCGAACGGGTGAGTAACACGTGGGTAATCTGCCCTCGGCACCGGAATAGCCCGGGG
AAACCCGGATTAATGCCGGATGGCCTCTCTGCCCTACGGGGCGGCGAGAAAAGGTAGCTT
CGGCCTCCGGCCGAGGATGAGCCCGCGGCTTATTAGCTTGTTGGTGAGGTAACGGCTCAC
CAAGGCGACGATCGGTAGCTGGTCTGAGAGGACGATCAGCCACACTGGGACTGAGACACG
GCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATCTTGCGCAATGGGCGAAAGCCTGACG
CAGCGACGCCGCGTGCGGGAAGAAGCCTTCGGGTTGTAAACCGCTTTCAGGAGGGACGAA
GCCACTCGGGTAAATAGCCTAGAGGGTGACGGTACCTCCAGAAGAAGCCCCGGCTAACTA
CGTGCCAGCAGCCCGGT
>A10-3.1.1
ACCGGGGCTGCTGCACGAAGTTAGCCGGGGCTTATTCTGCGGGTACCGTCATTATCGTCC
CCGCCAAAAGAGCTTTACAATCCGAAGACCTTCGTCACTCACGCGGCATGGCTGGATCAG
GCTTGCGCCCATTGTCCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTC
TCAGTCCCAGTGTGGCTGATCATCCTCTCAGACCAGCTACGGATCGTCGCTCTTGGTGAG
CCGTTACCTCACCAACTAGCTAATCCGACGCGGGCCCATCCAATGGCGATAAATCTTTCC
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CCCGAAGGGCTTATCCGGTATTACCCCAAGTTTCCCTGGGCTATTCCGAACCATAGGGAA
GGTTCCCACGTGTTACTCACCCGTCTGCCACTCTCGTATTGCTACGAGCGTTCGACTTGC
ATGTGTTAGGCCTGCCGCCAGCGTTCGTTCTGAGCCAGGATCAAACTCT
>A10-3.1.5
CGCTGGCGGCGTGCTTAACACATGCAAGTCAGGGGGCCCGCAAGGGTCACCGGCGAACGG
GTGCGTAACACGTGAACAACCTGCCCGAGCGAGGGGGATAGCCGGCCTAACGGCCGGGTA
ATACCGCATATGCTCACAGTGCCTTATGGCGCAGTGAGGAAACCTTCGGGGCGCTCGGAG
GGGTTCGCGACCTATCAGCTAGTTGGTGAGGTAAAGGCTACCAAGGCAACGACGGGTAGC
TGGTCTGAGAGGATGGCCAGCCACATTGGGACTGCGACACGGCCCAGACTCCTACGGGAG
GCAGCAGTGGGGAATATTGCGCAATGGTCGAAAGACTGACGCCGCGACGCCGCGTGGAGG
ATGACGCCCTTCGGGGTGTAAACTCCTGTTGCTCGGGACGAACCGTGGAATTCTTTCCAC
CTGACGGTACCGAGTGAGGAAGCCCCGGCTACCTCTGTGCC
>A10-3.2.1
ACCGGGGCTGCTGGCACGTAGTTAGCCGGGACTTCTTCTGCAGGTACCGTCACTTTCGCT
TCGTCCCTGCCGAAAGGGGTTTACAACCCGAAGGCCTTCATCCCCCACGCGGCGTCGCTG
CGTCACGCTTTCGCGCATTAGCGCAAGATCCCCCACTGCTGCCTCCCGTAGGAGTCTGGG
CCGTGTCTCAGTCCCAGTGTGGCTGGCCGTCCTCTCAGACCAGCTACCCGTCGTCGCCTT
GGTGGGCCGTTACCCCACCAACAAGCTGATAGGCCGCGGGCCCATCCCGGACCGTCGGAG
CTTTCCCGGCGCGACCATGCGATCGCGCCGGAGTATCCGGTATTAGCCCAGGTTTCCCTG
AGTTATCCCGGCGTCCGGGGCAGGTTGCCCACGTGTTACTCACCCGTTCGCCGCTCTCCC
CTCGAAGGGGTACCCCCTCCGAGGTTCTCGCTCGACTGCATGTGTTAGCACGCCGCAGCG
TTCGTCTGAGCAGGATCAA
>A10-3.2.2
GCCGGTGCTATTCTGCAGGTACCGTCATTAACGCAGGTATTCGCTCGCGCCGTTTCGTTC
CTGCCAAAGCGGTTTACAACCCGATGGGCCTTCTTCCCGCACGCGGCATGGCTGGATCAG
GCTTGCGCCCACTGTCCAAATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCT
CAGTCCCAGTGTGGCTGGTCGTCCTCTCTTACCAGCTACTGATCGTCGCCTTGGTGGGCT
CTTACCCCGCCACTAGCTNTCAGACNTCGGCCGCTCCAGTAGCGCGAGGCCTTGCGGTCC
CCCGCTTTCCCCGTAGGTCGTATGCGGTATTAGCCCGGCTTTCGCCGGGTTTCCCCCACA
CTGGGCACGTTCCGATGCGTTACTCACCCGTTTCGCCACTCGCCCCCCAGGGTTGCCCCC
GTGCTGCCGTTCGACTTGCNTGTGTAAGCCATGCCGCCNGCGTTCATCTGAGCC
>A10-3.2.3
ACCGGGGCTGCTGGCACGGAGTTAGCCGGTGCTTCCTTTGGAGGTACCGTCACCCGCGCA
CGAAGCGCGTATTCGTTCCTCCCGACAGTGGTTTACAACCCGAAGGCCGTCATCCCACAC
GCGGGCGTCGCTGCGTCAGCCTTGCGGCCATTGCGCAAGATTCCCCACTGCTGCCTCCCG
GTAGGAGTCTGGGCCGGTGTCTCAGTCCCAATGTGGCTGGCCATCCTCTCAGACCAGCTA
CCCGTCGTCGCCTTGGTGGGCCGTTACCCCCACCAACTAGCTGATAGGTCGCGAGACCCT
CCGCCGGCGCAACTTGCGTTGCTTTCATCATTCAGGGATGCCCCTAAACGATCGTACGCG
GTATTAACCGGCCGTTGGGCCGGCTATCCCCCACCGATGGACAGGTTTCTCACGTGTAAC
GCACCCGTCTGCCACTGAACTCGAGAGTTGCCCCCCGAGTCCCGTTCGACTACATGTGTA
GGCACGCGCCAGCGTTCGTCTGAGCCAGATCAACTCT
>A10-3.2.4
ACCGGGGCTGCTGGCACGGAGTTAGCCGGGGCTGCTTCCCTCGATACTGTCACCCTGCCG
GCATGTTAGGCCGGCAGAAATTCATCTCGGTCGAAAGGAGTTTACGACCCGAAGGTCTTC
ATCCTCCACGCGGCGTTGCGTCGTCAGGCTTGCGCCCATTGCGAACAATTCCCCACTGCT
GCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGTCCGTCCGCCCTCTCAGGC
CGGATACCGATCGGAGCCTTGGTGAGCCGTTACTTCACCAACTAGCTAATCGGACGCGGG
CCCCTCTCCAAGCGCCAGGTCTTACGATCCCCGGCTTTGATGTCCGTGTGTCCAAACACG
GGATGTCATGCGGTATTAGCCCTCCTTTCGGAAGGTTATCCCCCACTCGAAGGTAGGTCG
CCCAC
>A10-3.3.3
ACCGGGGCTGCTGGCACGTAGTAGCCGGGGCTTATTCCTGGGGTACCGTCACCATCTTCC
CCCAGAAAAGGGGTTTACGATCCGAGGACCTTCGTCCCCCACGCGGCGTTGCTGCGTCAG
CCTTTCGGCCATTGCGCAAAATTCCTAACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTC
GCAGTCCCAGTCTGGCTGATCATCCTCTCAGACCAGCTACCGATCATCGCCTTTGTGGGC
CGTTACCCCCCCAACTAGCTAGTCGGCCGCCCGCCCATCCCCGAGCGCATCGCTGCTTTG
CTCCCGACACCGAAGCCGGGGGCGCATGCGGTATTAGCCCACTCTTTCGAGCAGTTATTC
CCCACTCGGGGGCAGGTCGCTTACGTGTTACTCAGCCGTCCGCCCCTGACAGCCTTGCGC
TGCCCCTCGAACTTGCATGTTTTATGCCCGCCGCCCGCGTTTGTCTGAGCCCGGATCA
>A10-3.3.4
ACCGGGGCTGCTGGCACGGAGTTAGCCGGTGCTTCCTTCAGCGGTACCGTCAATTCTCGA
ATTATTCGTTCGAAAAAGTTTCTTTCCCGCTTGACAGAGCTTTACAACCCGAAGGCCTTC
TTCACTCACGCGGCGTTGCTGCGTCAGGGTTGCCCCCATTGCGCAAAATTCCTCACTGCT
GCCTCCCGTAGGGGTCCGGACCGTGTCTCAGTTCCGGTGTGGCCGATCACCCTCTCTAGG
CCGGCTACCGATCGTTGCCTTGGTGAGCCGTTACCTCGCCAACTAGCTAATCGGGCGCGG
GCCCATCCGGAAAGCGCGAGATCTTGCGACCCCGCTTTGATCATCAGGACTTTCGTCCCG
AAGATGTCATGCGGTATTAGCTCGAAGTTTCCCCGAAGTATTCCCCCCTTCCGGGCAGGT
TACCCACGTGTTACTCCCCCGTCCGCCACTAAACTGAAGAGTTGCCCCCTCGCCTCGTTC
GACTTGCCTGTGTTAGGTCGCCGCCCCGTTC
>A10-3.3.5
GGAGGGCTTAATACATGCAAAGTCGGAGCGGGAATGGGTGATCAACTACCCATGATGAGC
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AGCGCGACGGGTGAGTAACGTCGTACACTACCTACCTCTGACAGGGGGATAGCCCTGGGA
AACTGGGATTAATACCGCATATTATTCTGATATATAAAGGATTGGAATGAAAGTTCAGGC
GGTCAGAGATGGGTGTGCGTCTGATTATCTAGCTTGGTAAAGGGTAACGGCTTTTTCAAA
GGCGATGATCAGGTACGGGGGGCGTGAGAAGCGTGGTGCCCCACACAGGTACTGAGACAC
GGACGCGACTCCTACAGGA
>A10-3.3.7
ACCGGGGCTGCTGGCACGTAGTTAGCCGGTGCTTCTTCTGCTCCTACAGTCACCCGAAGG
CTTCGTCGGAGCTGAAAGAGGTTTACAACCCGAAGGCCGTCATCCCTCACGCGGCGTTGC
TGCGTCAGGCTTTCGCCCATTGCGCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGG
GCCGTGTCTCAGTCCCAGTGTGGCCGGTCGCCCTCTCAGGCCGGCTACCCGTCGTCGCCT
TGGTAGGCCATTACCCCACCAACTAGCTGATAGGCCGCGAGTCCATCCCTGGCCGGAATC
CTTTCCACCCGCAGACCATGCGGTCGCGAGTCGTATCCGGTATTAGCCTCGGTTTCCCAG
GTTATCCCGGAGCCAAGGGCAGGTTACCCACGTGTTACTCACCCGTTCGCCGCTCGAGTA
CCCCCGGAGGGGCCTTTCCGCTCGACTTGCATGTGTTAAGCACGCCGCCAGCGTTCGTCC
TGAGCCAGGATCAAACTCT
>A11-1.1.1
ACCGGGGCTGCTGGCACGTAGTTAGCCGGGGCTTCTTCTGGAGGTACCGTCACCCTCTGG
GCTGTTCACCCGAGTAGCTTCGTCCCTCCTGAAAGAGGTTTACAACCCGAAGGCCTTCTT
CCCTCACGCGGCGTCGCTGCGTCAGGCTTTCGCCCATTGCGCAAGATTCCCCACTGCTGC
CTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGATCGTCCTCTCTTTACC
AGCTACGGATCGGAGCCTTGGTAGGCCGTTACTCCACCAACAAGCTAATCCGCCGCGGAC
CCATCCTCGGCCGGAGGCCGAAGCTACCTTTCCCGACCGGCTCGAGAGCCGGAAGGGCCA
TCCGGTATTAATCCGGGTTTCCCCGGGCTATCCCGGTGCCGAGGGCAGGTTATCCACGTG
TTACTCACCCGTTCGCCGCTGTCCCCGGAGCCGAAGCCCCGGTTCTCGCTCGACTTGCAT
GTGTTAAGCGCGCCGCCAGCGTTCGTCCTGAGCCAGGATCAAACTCT
>A11-1.1.3
GAGTTTGATCCTGGCTCAGGATAAACGCTGGCGGCGTGCATGAGACATGCAAGTCGAACG
AACGAGCTTGCTCGTTAGTGGCGGACGGCTGAGTAACGCGTAGGTGACCTGCCCCGAAGT
GGGGGATAACTGCCCGAAAGGGTGGCTAATACCGCATGTGGCGACACTTTCATTGGTGTC
ATCAAAGCCGCGAGGCGCTTCGGGAGGGGCCTGCGTCCGATTAGCTCGTTGGTGGGGTAA
TGGCTCACCAAGGCGACGATCGGTAGGTGGTCTGAGAGGACGATCACCCAGACTGGGACT
GAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTCGGGAATTTTGCTCAATGGGCGCAA
GCCTGAAGCAGCAACGCCGCGTGCGGGATGACGGCCTTCGGGTTGTAAACCGCTTTTACC
AGGGACGATAATGACGGTACCTGATGAATAAGTCACGGCTAACTACGTGCCAGCAGCCCC
GGT
>A11-1.1.4
ACCGGGGCTGCTGGCACAGAGTTAGCCGGCTCTTCCTCTCGCTTTAGTCAATCGAGCCGC
TGTTAACGACTCGACATTCCTATGGCGTGACAGCAGTTTACAACCCGAAGGCCTTCATCC
TGCACGCGGTGTCGCTCCGTCAGGCTTGCGCCCATTGCGGAAAGATTCTCGACTGCAGCC
TCCCGTAGGAGTCTGGGCAGTGTCTCAGTCCCAGTGTGCCGGACCGTCCTCTTTTATCCC
GGTACCCGTCGTCGCCTTGGTGGGCCATTACCCCGCCAACTAGCTGATAGGCCGCAACCC
GCTCCTTCAGCAGCAGCTTTCGCCACCGTTTACCAGACAATGGATGCCCACCGTCTGGAC
CATTCGGCATTACCTGCCGTTTCCAGCAGTTATTCCGATCTGAAGGGTACGTTGGTTACG
TGTTACTCACCCTTTCGCCGCTCTACTCGCCTTGCGGCTTTCGCGCTCGACTTGCATGCC
TAATCCACACCGCTAACGT
>A11-1.1.6
ACCGGGGCTGCTGGCACGGAGTTAGCCGGTGCTTCTTCTGTAGCTAACGTCAAGACCCAG
GGTATTAGCCTCGAGCTTTTCTTCACCACTGAAAGTGCTTTACAACCCGAGGGCCTTCTT
CACACACGCGGCATGGCTGGGTCAGGCTTGCGCCCATTGCCCAAGATTCCTAACTGCTGC
CTCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGATCGTCCTCTCAGACCA
GCTACGGATTGTCGCCTTGGTAGGCCTTTACCCTACCAACTAGCTAATCCGACGCAGGCT
CCTCCAATAGCGCGAGGTCCGAAGATCCCCCGCTTTCCTCCGCAGAGCGTATGCGGTATT
AGCCCGGGTTTCCCCGGGTTGTCCCCCACTACTGGGTAGATTCCTACGCGTTACTCACCC
GTTCGCCACTTGTCAGCCGAGAGCAAGCTCTCGCTGTTACCGTTCGACTGCATGTTTTA
>A11-1.2.3
ACGAAATGTGTACCCTACCTGTACAGTGGCGACGGGTGAGGACTACTGGGTAACCTACCC
TCGAGTGGGGGAATACCTAGCCCGAAAAGGTTAAGCTAATACCGCGTACGCTTCCCAAAC
TGCGGTTTGGGAAGGAAGCGATACCGTGGGTATCGCGCTCTTGGATGGGCTCTTTTTTTA
TCTGCTTGTTTGGTGAGGTAACCGGGCTCACCCAGGGCTTCCGACCGGGTTAGCTGATCT
GGAGAGGATGATCAGCCCCCCCTGGCCCTGCGACACGGGCCAGACTCCTACGGGAGGCGC
AGTTAGGAATATTGCGCATGGGCGAAAGCCTGACGCCGCGACGCCGCGTGGGGGATGAAG
GTCTTCGGATTGTAACCCCCTTTCGGGAGGGAAGATGGGATGGGGTAACCCTTTCGGACG
GTCCTCCGAACCGCCCCGGCTACTCGTGCC
>A11-1.2.4
ACCGGGGCGCGGCACGAGTAGCCGTTGCTATTCCTGAGGTACCGTCAAGCACCGCGTCAT
TTCCTACGCGGGATGTTCTTCCCTCAGAAAAGAGTTTTACGACCCGAAGGCCTTCATCAC
TCACGCGGCATGGCTGGATCAGGCTTGCGCCCATTGTCCAATATTCCCTACTGCTGCCAC
CCGTAGGTGTCTGGACCGTGTCTCAGTTCCAGTGTGGCCGATCAACCTTCTTTTTCTCGG
CTACCCATCGTTGCCTTGGTGGGCTATTATCCCCGCCAACTAGCTAATGGGGGGCGGACT
TATCTCCCGGCAGCGCTTTGAAGGCGCCTTTCTTTGCAGAGCCCCTAAGACCCCGCACCG
AATGCGGTATTAGCGGCCGTTTCCCGCCGTTGTCCCCCCACCGGGAGGCAAATTATCCAC
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CTGTTACTCNCCCGTTCGCCACTCTATATTCCCCCGAGGGGGCTTTAATCGTGCGACTGG
CTTGTTTAAGCCTGCCCCAGCGTCGTTCTGACCGGATCAAACTCT
>A11-1.3.2
ACCGGGGCTGCTGGCACGTAGTTAGCCGGGGCTTCTTCTAAGGGTACAGTCAAGTTTTGA
TGCTATCAAAAATTTTCGTCCCCTTCAAAAGGAGTTTACAATCTTACGACTTTCATCCTC
CACGACGGCGTTGCTGGGTCAGACTTGCGTCCATTGCCCAATATTCCTCACTGCTGCCTC
CCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGATCATCCTCTCAGACCAGCT
ACTGATCGTAGCCTTGGTAGGCATTTACCCTACCAACTAGCTAATCAGATGCAAGCCCAT
CTAAAGGCGCTACAAGAGCTTTAACAACATCACCATGTGGTGCCGCTGCATTATTCGGTA
TTAGCCCGTCTTTCGACGAGTTATTCCAAACCCTAAGGTAGGTAACTTACATATTACTCA
CCCTTTCGCCACTTTACTCGAGATATTGCTACCTCTTTCTCGTTGACTTGCATGTGTTAA
GCACGCCGCCAGCGTTCGTCCTGAGCCAAGATCCAACTCT
>A11-1.3.3
ACCGGGGCTGCTGGCACGTAGTTAGCCGACGCTTATTCGTACAGTACTTTCAATTTCGGT
CGCAACCGAAAAATTACCCCCGTACAAAAGAAGTTTACAACCCTTAGGGCAGTCATCCTT
CACGCGGCATGGCTGGTTCAGGCTTGCGCCCATTGACCAATATTCCTCACTGCTGCCTCC
CGTAGGAGTCTGGTCCGTGTCTCAGTACCAGTGTGGGGGATCATCCTCTCAGACTCTTTC
TAGTCATCGTAGCCTTGGTAAGCCGTTACCTTACCAACTAGCTAATGACACGCATGCCCA
TCCTATACCGATAAATCTTTAGCAAATAGTACCAAGGCGGTAACCCCTGCTTTATGGGGT
ATTAATTCAATTTTCACTGAGCTATCCCCCTGTATAAGGTAGGTTGCATACGCGTTACTC
ACCCGTGCGCCGGTC
>A11-1.3.4
AGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGCGCTTAACACATGCAAGTCGAGC
GAGAACCGGGGCTTCGGCCCCGGGGACAGCGGCGAACGGGTGAGTAACACGTGGGTAACC
TGCCCTCGGCACCGGGATAGCCCGAGGAAACTCGGATTAATACCGGATTGCCCCTCCGAC
CTTCGGGTCGGTTGGGAAAGGTAGCTTCGGCCTCCGGCCGAGGATGGGCCCGCGGCGGAT
TAGCTTGTTGGTGGGGTAACGGCTACCAAGGCTCCGATCCGTAGCTGGTCTGAGAGGACG
ATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAAT
CTTGCGCAATGGGCGAAAGCCTGACGCAGCGACGCCGCGTGAGGGAAGAAGGCCTTCGGG
TTGTAAACCTCTTTCAGGAAGGACGAAGCTACTCGGGTTAATAGCCCAGAGGGTGACGGT
ACCTCCAGAAGAAGCCCCGGCTAACTACGTGCCCGCAGCCCCGGT
>A11-1.3.5
CCGGGGCTGCTGGCCGGAGTAGCCGGGGCTTCTTCCCTCGATACTGTAGCCCCGCCGATC
TGTGAGGGTCGGCGGAAATTCATCTCGGTCGAAAGGAGTTTACGACCCGAAAGTCTTCAT
CCTCCACGCGGCGTTGCGTCATCAGGCTTGCGCCCATTGTGAACAATTCCCCACTGCTGC
CTCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGTCCGTCCGCCCTCTCTTGCCG
GATACCGAAATCCGGAAGCCCTTGGGTGAAGCCCGTTTAACCCTCCACCCAACCTTAGCT
AATCGGACGCGGGCCCCTCTTCCAAGCGCCAGGTTCTTGGCGATCCCGGCTTGATATCCG
TGTATCCAAACACGGTATGTCATGCGGTATTAAAGGCCCTCCTTTTTCCGGGGGAAAAGG
GTTTAAATTCCCCCCACTCTGAGGTAGGTCCGCCCCCACGCGTTACTCCCCGTTTGCACT
CTACTCTGGATGCTCCACTTCGCGTTCGGACTGCATGTGTAGGGCACGCCGCCAGCGTTG
ATTCTGAGCCAGGATCAAACTCT
>A11-2.1.1
AGAGTTTGATCCTGGCTCAGAATCAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAAC
GCGGTTGCTCCCGCAAGGGAGTAACTGAGTGGCGAACGGGTGAGTAACACGTGGGTGACC
TACCTTCGAGTGGGGGATAACGTCCCGAAAGGGACGCTAATACCGCATGACATCCTGCCT
TTGAACGGGCGGAGATCAAAGCCGGGGATCGCAAGACCTGGCGCTCGTTGAGGGGCCCGC
GCCCGATTAGCTAGTTGGTGAGGTAACGGCCCACCAAGGCGACGACGGTAGCGGGACTGA
GAGGTTGACCCGCCACATCGGGACTGAGACACTGCCCGGACCTCCACGGAGGCTGCAGTA
ACGAATATTGGGCAATGGGCGAAAGCCTGACCCAGCGATGCCGCGTATAGGATGAAGTTC
TTCGGAATGTAAACT
>A11-2.1.2
ACCGGGGCTGCTGGCACGGAGTAAGCCCGGTGCTTCCTTTAGGGGTACCGTCAGGATCAC
GACGTGTTAGGTCGCAACCGATTCTTTCCCCTCGACAGGGCTTTACGACCCGAAAGGCCT
TCATCACCCACGCGGCGTCGCTGCGTCAGGCTTTCGCCCATTGCGCAATATCCCCCACTG
CTGCCTCCCGTAGGAGTCTGGGCCGTGTTTCAGTCCCAGTGTGGCTGGCCATCCTCTCAG
ACCAGCTAGCCATCATAGCCTTGGTGGGCCATTACCCCACCAACTAGCTAATGGCACGCA
GGCTCATCCTTGAGTGATAGCTTATAAATAGAGGCCATCTTTCACCGCAGAAGCCGAAAC
TTCCGTGGTCATATCCGGTATTAGCCCACCTTTCGGTAGGTTATTCCAGGCTCGAGGGGA
GATTACCTACGTGTTACTCACCCGTGCGCCGCTTTACTCAGGGGTTGCCCCCCTTTTCTC
GCACGACTTGCATGTGTTAGGCACGCCGCCAGCGT
>A11-2.1.3
ACCGGGGCTGCTGGCACAGAGTTAGCAGGTGCTTATTCTACGTGCGGTCTCCCACACGTC
AAAAGAAGTTTACGACCCTAAGGCCTTCAATCCTCCACGCGGCGTCGCGACATCAGACTT
TCGTCCATTGTGTACGATTCCCAGCTGCTGCCACCCGTAGGTGTATGGGCCGTGTCTCAG
TCCCATTCTGGGGGGTCACGCTCTCACGCCCCCTACCCGTCATCGCCTTGGTAGGCCATT
ACCCTACCAACAAGCTGATGGGAAATAGGCTCATCTTTCGACGCACAGTTAAGTGCTTTC
ACCCGTAGGTCTTATGCGGTATTAGCCCTGCTTTCGCAGGGGTATTCCACATCAAAAGGT
AGATTCCTATCCATTACTCAGCCGTTCGCAACTGATCTCTTGCGAGATCGTTCTACTTGC
ATATTCAAAGCACGCCGCTAGCGTTCATCCTGAGCAGGATCAAACTCT
>A11-2.1.4
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CTGGACGGCTGGCTCCTCGCCAGATACAGAATAGTCGATCAACCACTCCATTGCCGAGTG
GTTCCGCTACTGCCCATGCCCCGGACTCTCCCACAAGGGCGTGTGACCCTGACTCTATGA
CGGGTCTGAGGATGCCCCCCGACGTCAGCTCTTAGAAGCCGTTACCTGCTTTCAGACTGG
CTCGCTGCGGCGCACCTACTTCTTCCAGNAAGCCAAACATTTTAGGAAAGCCAGTGATCC
ATTATTCCAAATCAATTATGGGACTGACTACTGGGGACACCAGCCTTCTTCAGAGGGCCA
AGATTTGTGCAACAGGTCGTC
>A11-2.2.1
AGTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAACGGCAGCACAGGAGAGCTTGC
TCTCTGGGTGGCGAGTGGCGGACGGGTGAGGAATACATGGGAATCTACCCTGTCGTGGGG
GATAACGTAGGGAAACTTACGCTAATACCGCATACGACCGAGAGGTGAAAGCGGCGGACC
GCAAGGGCGTCGCGCCACTGGATGAGCCCATGTCGGATTAGCTTGTTGGCGGGGTAACGG
CCCACCAAGGCGACGATCCGTAGCTGGTCTGAGAAGATGATCAGCCACACTGGAACTGAG
AAACGGTCCAGACTCCTACGGGAAGCAGCAGTGGGGAATATTGGACAATGGGCGCCAGCC
TGATCCAGCCATGCCGCGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTTGTTCGG
AAAGAAAAGTTCTCTGGTTATACACGGGGATTCTGACAGTACCGAAAGAAAAAGCACCGG
CTAACTTCGTGCCAGCAGCCCCGGT
>A11-2.2.3
ACCGGGGCTGCTGGCACGTAGTAAGCCGGGGCTTCTTCTGGAGGTACCGTCACCCTCTGG
GCTATTAACCCGAGTGGCCTCGATCCCTCCTGAAAGCGGTTTACAACCCGAAGGCCTTCT
TCCCGCACGCGGCGTCGCTGCGACAGGCTTTCGCCCATTGCGCAAGATTCCCCACTGCTG
CCTCCCGTAGGAGTCTGGGCCGTGATCTCAGTCCCAGTGTGGCTGATCGTCCTCTCAGAC
CAGCTACCGATCGGAGCCTTGGTGAGCCATTACCCCACCAACAAGCTAATCGGCCGCGGG
CCCATCCTCAGCCGGAAGCCGAAGCCACCTTTTCTCATTCGCCCGAAGGCTCATGAGGCT
GTCCGGTATTAATCCGAGTTTCCCCGGGCTATCCCGGTGCCGAGGGCAGTTACCCACGTG
TTACTCACCCGTTCGCCGCTTTCCCCAGGG
>A11-2.2.4
ACCGGGGCTGCTGGCACAGAGTTAGCCGGGGCTTCCTCACTCGGTACCGTCAGACCTCAA
CGTATTAGGTTGAGGCTTTTCGTCCCGAGACAACAGGAGTTTACAATCCGAAGACCTTCA
TCCTCCACGACGGCGTTGCGTCATCAGGCTTGCGACCATTGTGAACAATTCCCCACTGCT
GCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGTCCGTCCGCCCTCTCAGGC
CGGATACTGATCGTCGCCTTGGTGGGCCGTTACCTCAACCAAACTAGCTAATCAGACGAG
GGGCCCCTCATCAAGCGCCAGGTCTTGCGATCCCCGGCTTTGATCTCCGCCTGTTCAAAG
GCAGGATGTTATGCGGTATTAGCGTCCCTTTCGGGACGTTATCCCCCACTCGAAAGTAGG
TCACCCACGTGTTACTCACCCGTTTGCCACTCAATCGGAGCCGAAGCCCCTCTCGCGTTC
GACTTGCATGTGTAAAGCACGCCGCCAGCGTTGATTCTGAGCAANGATCAAAC
>A11-2.2.5
ACCGGGGCTGCTGGCACGTAGTTAGCCGGGGCTGATTCCCAGGGTACCGTCATCATCTTC
CCTGGAAAAGGGCTTTACGACCCCGAAGCCTTCGTCACCCACGCGGCGTTGCTGGGTCAG
GCTTTCGCCCATTGCCCAAAATTCCTAACTGCTGCCTCCCGTAGGAGTCTGGGCCGTCTC
GCAGTCCCAGTCTGGCTGATCATCCTCTCAGACCAGCTACCGATCGTCGCCCTGGTAGGC
CGTTACCCCACCAGCTAGCTAATCGGACGCAGGCCCCTCTCCGAACCCCGGAAGTTCAGT
CACCGAACCGAATCAATGACATCTGCGGTATTAGCCACCCTTTCGGGCAGTTATCCCCCG
TTCGAAAGCAGGTCACCCACGTGTTACTCAGCCGTTCGCCACTACCCACCGAAGTGAGCC
GTTCGACTTGCATGTTTAGGCACGCCGCCAGCGTTATCCTGAGCCAGATCAACTC
>A11-2.3.1
ACCGGGGCTGCTGGCACAGAGTTAGCCGGGGCTTCCTCACCCGGTACCGTCAGACTCCGA
CGTGTTAGGTCGGAGCGTTTCGTCCCGGGCAACAGGAGTTTACAATCCGAAGACCTTCAT
CCTCCACGCGGCGTTGCGTCGTCAGGCTTGCGCCCATTGCGAACAATTCCCCACTGCTGC
CTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGTCCGCCCTCTCAGGCCG
GCTACCGATCGTCGCCTTGGTGAGCCATTACCCCACCAACTAGCTAATCGGACGCGGGCC
CCTCTCCAAACGCCAGGTCTTGCGATCCCCGGCTTTGATCTCCACCTGTTCAAAGGCAGG
ATGTTATGCGGTATTAGCGTCCCTTTCGGGACGTTATCCCCCACTCGAAGGTAAGTCACC
CACGTGTTACTCACCCGTTCGCCACTCAACTTAGACCGAAGCCTAAGTCGCGTTCGACTT
GCATGTGTTAAGCACGCCGCCAGCGTTGATTCTGAGCCAAGATCAAACTCT
>A11-2.3.2
GGAGGGGACTGCGGCCCATCAAGCTAGTTGGTGAGGTAGTGGCCCACCAAGGCGAAGACG
GGTAGGGGGCCTGAGAGGGTGGTCCCCCACACGGGCACTGAGAGACGGGCCCGACTCCTA
CGGGAGGCAGCAGTAAGGGATATTGCACAATGGGCGCAAGCCTGATGCAGCAACGCCGCG
TGCACGATGAAGGCCTTCGGGTCGTAAAGTGCTTTTCTGGGAGACGAGAAAGACGGTACC
CCAGGAAAAAGTGTCGGCTAACTACGTGCCCGCAGCCGCGG
>A11-2.3.4
ACCGGGGCTGCTGGCACAGAGTTAGCCGTGACTTTTTCTGGCATAGATCAAGCAGAAGCT
CCTGCCTTTCTTAAACCTAAAAGTGGTTTACATCCCGAAGGACTTCCTCCCACACGCGGC
GTCGCTGGGTCAAGCTTTCGCTCATTGCCCAATATTCGTTACTGCAGCCCTCCGTGGAGG
TCCGGGCAGTGTCTCAGTCCCGATGAGGCGGGCCGACCTCTCAGCCCCGCTACCCGTCAT
AGCCTTGGTGAGCCATTACCTCACCAACAAGCTGATAGGAAATAGGCCGCTCTCGAACCA
ACGTATCTTTGGTCATCCACCTATCGGCAGATGACATTATTCGGTATTATCGCCCCTTTC
GGTAATTACGGTTGCCCGTAACGGCGCTATTCCAAAGTTCGAGGTACGTTACCTATTTAT
TACGCACCCTTCCGCCACTGATAGTTCGTTGATTGCTCAAAAGACTATCCGTGCGACATG
CATGTCTTAACCCAGCCGCCAGCGTTCGTT
>A11-3.1.2
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GCCTAATACATGCAAGTCGAACGGAGATGTTGTAGCAATACTTCATCTTAGTGGCGAACG
GGTGAGTAACGACGTTGGTGACCTGCCCCGAAGAGGGGGATAACAGTCCGAAAGGATTGC
TAATACCCCATACGGTCATGAAGTTCAGAAGTTCATGACCAAAGGAGTAATTCGCTTCGG
GAGGGGCCTGCGTCCCATCAGCTAGTTGGTAAGGTAAACGGCTTACCAAGGCGACGACGG
GTAGGGGACCTGAGAGGGTGGCCCCCCCACAATGGAACTGAAACACGGGTCCATAACACC
TACGGGTGGCAGCAGTAAGGAATATTAGTAAATGTGCGAAAAGCGCGAACTAGCAACGCC
GCGCGTGCGATGAAGGCCTTCGGGTCGTAAAGCACTTTTCGAGAAGATGAGAAAGGACCG
TACTCTCGGAATAAGTCTCGGCTAACTACGTGCCCGCAGCCCCGGT
>A11-3.1.4
AGAGTTTGATCCTGGCTCAGAGCGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAGC
GAGAAAGGGGTGGCAACACCCTGAGTAAAGCGGCGAACGGGTGAGTAACGCGTGGGTAAT
CTACCTTCCAGTCTGGGATAACTTCCCGAAAGGGAGGCTAATACCGGATGATGTCCTCAT
GGGGCATCCTAAGGGGAGCAAAGGGGGCGCCCGCAAGGAGCTCTCGCTGGAGGAGGAACC
TGCGTCCGATTAGCTAGTTGGTGGGGTAATGGCTCACCAAGGCGACGATCGGTAGCCGGC
CTGAGAGGGTGACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAG
CAGTGGGGAATCTTGCGCAATGGGCGAAAGCCTGACGCAGCGACGCCGCGTGGGGGACGA
AGGCCTTCGGGTTGTAAACCCCTGTCGGGCGAACGAATCCCCGAGGACAATACTCTCGGG
TGACGTACCGCCGGAG
>A11-3.2.4
AGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCCTTACACATGCAAGTCGAACGT
GAAAGGGGGGCAACCCCCAAGTAGAGTGGCGGACGGGTGAGTAACACATCGGAACGTACC
CAGTAGTGGGGGACAACCTCGAGAAATCGAGGCTAATACCGCATACGACCCACGGGTGAA
AGCGGGGGACCGCAAGGCCTCGCGCTATTGGAGCGGCCGATGTCCGATTAGCTTGTTGGC
GGGGTAAGAGCCCACCAAGGCGACGATCGGTAGCTGGTCTGAGAGGATGATCAGCCACAC
TGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATG
GGGGCAACCCTGATCCAGCCATGCCGCGTGCGGGAAGAAGGCCTTCGGGTTGTAAACCGC
TTTCGGCCGGAACGAAATCGCCCGGGTGAACATCCCGGGTGGATGACGGTACCGGAAGAA
GAAGCACCGGCTAACTACGTGCCAGCAGCCCCGGTCAAGGGGCGAATT
>A11-3.2.5
ACCGGGGCTGCTGGCACGGAGTTAGCCGGGGCTTTCTCTGGTGGTACCGTCAGACCCCCC
GATTATTCATCAGGAGGTGTTCGTCCCACCTAACAGGGGTTTACAACCCGAAAGCCTTCA
TCCCCCACGCGGCGTCGCTGGGTCAGGGTTTCCCCCATTGCCCAAGATTCCCCACTGCTG
CCTCCCGTAGGAGTCGGGACCGTATCTCAATTCCCGTGTGGCTGGTCGTCCTCTTAGACC
AGCTACCCGTCGTCGCCTTGGTAGGCCGTTACCCTACCAACTAGCTGATGGGCCGCGAGC
CCCTCTTCAAGCAGCGGCTTCATTGGACAAAGCATTGAGGACTGTCCTCCGTCTCCGAAA
GATGTCCCAAATGCTCTGCATGATGAGGCCACCTTTGACCGCAACCCCCGAGGAAGTCGT
GGTCTTATGCGGTATTAGCTCCCCTTTCGAGGAGTTATTCCCCACCCGAAGGCAGGTTAC
CCACGTGTTACTCACCCGTGCGCCACTCTACTCACCCAGTGGCCCGAGCTTTCGCGTTCG
ACTTGCATGTGTT
>A11-3.3.1
GAGTTTGATCCTGGCTCAGGATAAACGCTGGCGGCGTGCATGAGACATGCAAGTCGAACG
GACAACTCGGGCTTGCTCGAGTCGTTAGTGGCGGACGGCTGAGTAACGCGTGGGTGACCT
GCCCCGAAGTGGGGGATAACTGCCCGAAAGGGTGGCTAATACCGCATGTGGTGGTTCGTT
CAATCGACCCATCAAAGCAGCAATGCGCTTCGGGAGGGGCCTGCGTCCGATTAGCTCGTT
GGTGGGGTAACGGCTCACCAAGGCGACCATCGGTAGGTGGTCTGAGAGGACGATCACCCA
GACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAAGGGATATTGCACA
ATGGGCGCAAGCCTGATGCAGCAACGCCGCGTGCACGAAGAAGGCCTTCGGGTCGTAAAG
TGCTTTTCTGGGAGACGAAGAAGGACGGTACCCCAAGAAAAAGTGTCTGCTAACTACGTG
CAAGCAGCC
>A11-3.3.2
AGTTTGATCCTGGCTCAAGACGAAACGCTGGCGGCGTGCCTAAAACATGCAAGTCGAACG
GTGCTCGCAAAGGGCACAGTGGCGAACGGCTGAGTAACACGTGAGAGACCTGTCCTTGGG
AGGGGGATAACAGTCCGAAAGGATTGCTAATACCGCATAAGTCCTCTGGAGTAGAGTCTG
GAGGGGAAAGGTATTTCGCCCGAAGAGGGGCTCGCGGCCCATCAGGTAGTTGGTGAGGTA
ACGGCTCACCAAGCCGATGACGGGTAGCTGGTCTGAGAGGATGGCCAGCCAGACTGGGAC
TGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTTAGGAATCTTGCGCAATGGGGGAA
ACCCTGACGCAGCGACGCCGCGTGGGTGATAAAGGCCTTAAGGATCGTAAAGCCCCTTTT
CCGAGGGACGATAATGACGGTACCTCGGGAATAAGCCCCGGCTAACTACGTGCCAAGCAG
CCCCCGGGTCAAAAGACGAAAATCCCAGCCCACCTGGCGGCCGGTAACTAGTGGAATCGA
ACCTCGGNAACAAGCCTGGCGTAATCTTGGTCATAGGCC
>A11-3.3.3
GGGTTTACAATCCGAAGACCTTCATCCCCCACGCGGCGTCGCTGCGTCAGGCTTTCGCCC
ATTGCGCAATATTCCTTACTGCTGCCTCCCGTAGGAGTCTGGCCCGTGTCGCAGTGCCAG
TGTGGCTGATCGTCCTCTCAGACCAGCTACCCGTCGAAGCCTTGGTGAGCCGTTACCTCA
CCAACAAGCTGATAGGACATGAGCCCATCCAAGAGCGCGATACCCACGGTATCGCTTTCC
TCCCTGAACCGAAGTCAAAGAGCGTACGCGGTATTAGCTAACCTTTCGGCTAGTTATTCC
CCACTCGAGGGTAGGTTACCCATGTATTCCTCACCCGTTCGCCGCTTTACAAACGTATTG
CTACGTCTTCTCGCTCGACTTGCATGTATTAGGCGCGCCGCCAGCGTTCGTTCTGAGCCA
GGATCAAACTCT
>A11-3.3.4
AGAGTTTGATCCTGGCTCAGAACGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAGC
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GCGAATGGAGCAATCCTAGTAGAGCGGCGCACGGGTGCGTAACACGTGGGTAATCTGCCC
TGAAGCCCGGGATAACCTGCCGAAAGGCAAGCTAATACCGGATAAGCCTACGGCCCCCTC
GGGGGCTGAAGGAAAAGGTGGCCTCTGCATGCAAGCTATCACTTCAGGATGAGCCCGCGG
CCCATCAGCTCGTTGGCGGGGTAACGGCCCACCAAGGCAACGACGGGTAGCTGGTCTGAG
AGGACGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTG
GGGAATTTTGCGCAATGGGCGAAAGCCTGACGCAGCAACGCCGCGTGTGTGATGAAAGTC
TTCGGATTGTAAAGCACTTTCGACCGGGACGAAAACCCGCTGGCCAATATCCAGCGGCTG
ACGGTACCGGGAGAAGAAGCACGGCTAACTCTGTGCCAGCAGCCCGGT
>A11-3.3.5
TTTGACCGGGGCTGCTGGCACGTAGTTAGCCCGAGACTTATTCCTGAGATACTGTCCTTT
CTCATCTCTCAGAAAAGTGCTTTACGACCCGAAGGCCTTCTTCGCACACGCGGCGTTGCT
GCATCAGGCTTTCGCCCATTGTGCAATATTCCCTACTGCTGCCACCCGTAGGTGTATGGA
CCGTGTTTCAGTTCCATTGTGGGGGGCCACCCTCTCAGGTCCCCTACCCGTCGAAGCCTT
GGTGGGCCGTTACCTCACCAACTAGCTGATGGGACGCAGGTCCCTCCCAAAGCGGATTAC
TCCTTTAGTCATCGGTTTCTAAACCCGAAGACCACATGCGGTATTAGCAATCCTTTCGGA
CTGTTATCCCACACTTTGGGGCAGGTCACCAACGTGTTACTCACCCGTTCGCCACTAGGA
TACTTTCGTATTGCTACAAAAGCACCTCGTTCGACTGCATGTATTAGGCACGCCGCCAGC
GTTCATCCTGAGCCAGGATCAACTCT
>A12-1.1.1
CTCAGAACGAACGCTGGCGGCGTGCTTAATACATGCAAGTCGAGCGAGAAAGTTCCCTTC
GGGGGATGAGTACAGCGGCGAACGGGTGCGTAACACGTGGGCAATTTGCCCTTAAGTCCG
GGACAAGCCACCGAAAGGGGGTCTAATACCGGATGTGGTCACCCCGGGGCATCCCGGATG
AGCAAAGGTAGCCACTACACTATGCTATCGCTTGAGGATGAGCCCGCGGCCCATTAGCTA
GTTGGCGGGGTAACGGCCCACCAAGGCTACGATGGGTAGCCGGCCTGAGAGGGTGATCGG
CCACACTGGGACTGAGATACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATATTGC
GCAATGGACGAAAGTCTGACGCAGCAACGCCGCGTGAGCGATGAAGGTCTTCGGATCGTA
AAGCTCTGTCAGAGGGGACGAACCGTCCCGTGTCGAATAAACACGGGATCTGACGGTACC
CTCAGAGGAAGCACCGGCCAACTCCGTGCCAGCAGCCCCGG
>A12-1.1.2
AGAGTTTGATCCTGGCTCAGAATCAACGCTGGCGGCGTGCCTAACACATGCAAGTCGGAC
GCGAAAGCGGGCTTCGGCCTGTGAGTAGAGTGGCGGACGGGTGAGTAACACGTGGGTGAC
CTGCCCGATGGAGGGGGATAACTTCTCGAAAGGGAAGCTAATACCGCATGAGCTCCTGGA
AGCGATTTTAGGAGGAAAGCCGAAAGGCACCATCGGAGGGGCCCGCGCTCGATTAGCTGG
TTGGTGAGGTAACGGCTCACCAAAGCTGCGATCGATAGCCGGTCTGAGAGGACGGACGGC
CACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGCG
CAATGGGCGAAAGCCTGACGCAGCAACGCCGCGTGGAGGATGAAGGTTTTCGGATCGTAA
ACTCCTGTCCCCAGGGAAGAAAAAAATGACGGTACCTGGGGAGGAAGCCCGGCTACTCGT
GCCGCAGCCCGGT
>A12-1.1.4
AGAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCCTTACACATGCAAGTCGAAC
GGCAGCACGGGGGCAACCCTGGTGGCGAGTGGCGAACGGGTGAGTAATGCATCGGAACGT
GCCCAGTAGTGGGGGATAACCAGTCGAAAGATTGGCTAATACCGCATACGACCTACGGGT
GAAAGCGGGGGACCGTAAGGCCTCGCGCTATTGGAGCGGCCGATGTCTGATTAGCTAGTT
GGCGGGGTAAAAGCCCACCAAGGCGACGATCAGTAGCTGGTCTGAGAGGACGACCAGCCA
CACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACA
ATGGGCGCAAGCCTGATCCAGCCATGCCGCGTGCGGGAAGAAGGCCTTCGGGTTGTAAAC
CGCTTTTGGCAAGAACGAAACGGCGACTCCTAATACGAGCGTTAATGACGGTACCTGCAG
AATAAGCACCGGCTAACTACGTGCCAGCAGCCCCGGT
>A12-1.1.5
ACCGGGGCTGCTGGCACGTAGTTAGCCGTGGCTTATTCGCCGGGTACCGTCATTATCTTC
CCCGGCAAAAGGGGTTTACGACCCAAGAGCCTTCATCCCCCACGCGGCGTTGCTGCGTCA
GGCTTTCGCCCATTGCGCAAAATTCCCTGCTGCTGCCTCCCGTAGGAGTCTGGGCCGTGT
CTCAGTCCCAGTGTGGCTGACCGTCCTCTCAGACCAGCTACCGATCACCGCCTTGGTGCG
CCATTACCACACCAACTAGCTAATCGGCCGCACGCCCCTCCGGAAGCGTCTTGCGACTTT
GGTTTCTGCTTCCAAGCAGTAACCGTATGCGGTATTAGCCAACCTTTCGGCTGGTTATTC
CCCACTTCCGGACAGGTCACGTACGTGTTACTCACCCGTCCGCCACTAGACTTCAGGCCG
AAGCCTTGATCTCGTACGACTTGCATGCATAAGGCACGCCGCCAGCGTTTATCCTGAGCC
AAGATCAAACTCT
>A12-1.2.3
GCCAGTGAATGTAATACGACTCACTATAGGGCGAATTGGGCCCTCTAGATGCATGCTCGA
GCGGCCGCCAGTGTGATGGATATCTGCAGAATTCGCCCTTTGACCGGGGCTGCTGGCACG
GAGTTAGCCGGGTGCTTCCTTTAAGTTGGTACCGTCAAGGTTCAGGTTATTAACCTAAAC
TGTTTCTTCCCACTCGACAGAGCTTTACGACCCGAAGGCCTTCATCACTCACGCGGCGTT
GCTGCGTCAGGGTTGCCCCCATTGCGCAAAATTCCTCACTGCTGCCTCCCGTAGGAGTCT
GGACCCGTGTTCCAGTTCCAGTGTGGCTGATCATCCTCTCAGACCAGCTACCCATCGTAG
CCTTGGTGGGCCGTTACCCCGCCAACTAGCTAAT
>A12-1.2.4
ACCGGGGCTGCTGGCACGTAGTTAGCCGGTGCTTCTTCTTCCGGTACCGTCATCCACCCG
GGATGTTCACCCGGGCGATTTCGTTCCGGCCGAAAGCGGTTTACAACCCGAATGCCTTCT
TCCCGCACGCGGCATGGCTGGATCAGGCTTGCGCCCATTGTCCAAAATTCCCCACTGCTG
CCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGGTCGTCCTCTCAGACC

145

AGCTACCGAATCGTCGCCTTGGTGGGCTCTTACCCCGCCAACTAGCTAATCGGACATCGG
CCGCTCCAATAGCGCGAGGCCTTGCGGTCCCCCGCTTTCACCCGTGGGTCGTATGCGGTA
TTAGCCTCGATTTCCCGAGGTTGTCCCCCACTA
>A12-1.3.1
GACGAACGCTGGCGGCGCGCTTAACACATGCAAGTCGAGCGAGAACCAGGGCTTCGGCCC
TGGGGACAGCGGCGAACGGGTGAGTAACACGTGAGTAATCTGCCCTCGGCACCGGGATAG
CCCGGGGAAACCCGGATTAATACCGGATAGCCTCCGAAGCCTTCGGGCGTCGGAGCAAAG
GTAGCTTCGGCCTCTGGCCGAGGATGAGCTCGCGGCGGATTAGCTTGTTGGTGGGGTAAT
GGCCTACCAAGGCGACGATCCGTAGCTGGTCTGAGAGGACGATCAGCCACACTGGGACTG
AGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATCTTGCCCAATGGGCGAAAG
CCTGAGGCAGCGACGCCGCGTGCGGGAAGAAGGCCCTCGGGTTGTAAACCGCTTTCGGTG
GGAACGAAACGGTTCGTGCTACACCACGGACTATGACGGTACTCACAGAAGAGCACGGCT
ACTACGTGCAGCAGCCCGGT
>A12-1.3.2
AGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCCTAACACATGTAAGTCGAAC
GGGACTCGGGGGGCAACTCTCGAGTTCAGTGGCAGACGGGTGCGTAACACGTGAGAAACC
TGTCCATCGGTGGGGGATAGCCGGCCCAACGGCCGGTTAATACCGCGTACGATCGTTTAG
GGGCATCCCTGAATGATGAAAGCAACGCAAGTTGCGCCGGCGGAGGGTCTCGCGACCTAT
CAGCTAGTTGGCGGGGTAACGGCCCACCAAGGCGACGACGGGTAGCTGGTCTGAGAGGAT
GGCCAGCCACATTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAA
TCTTGCGCAATGGCCGCAAGGCTGACGCAGCGACGCCGCGTGTGGGATGACGGCCTTCGG
GTTGTAAACCACTGTCGGGAGGAACGAATACGCGCTTGTAAGCGCGGGTGACGGTACCTC
CAAAGGAAGCACCGGCTAACTCCGTGCCAGCAGCCCCGGT
>A12-1.3.4
AGAGTTTGATTCTGGCTCAGGATGAACGCTGGCGGCGTGCCTAAATACATGCAAGTCGAG
ACGGAGAGCTTCGGCTCTTAGCGGCGAACGGGTGAGTAACGCGTTGGTGACCTGCCCCGA
AGTGTGGGATAGCAGTGCGAAACGACTGATAATACCGCATGTGCTGCCCCGGGTTAGAGA
CCGGGGCTGGAAAGGAGCAATGCACTTCGGGAGGGGCCTGCGTCCCATCATCTAGTTGGC
AGGGTAACGGCCTACCAAGGCGATGACGGGTAGGGGACCTGAGAGGGTGGCCCCCCACAA
TGGAACTGAAACACGGTCCATACACCTACTGGTGGCAGCAGTAGGGAATATTGCATAATG
GGCGCAAGCCTGATGCTGCAACGCCGCGTGTGCGATGAACGCCTTCTGGTCGTAAAGCAC
TTCTGGTGGACGATGTGGAAAGACAGTACCCCGAATAAGCCTCGGCTAACTACGTGCCAG
CAGCC
>A12-2.1.1
ACCGGGGCTGCTGGCACAGAGTTAGCCGGGGCTTCCCTCACCCGGTACCGTCAGACTCCG
AACGTGTTAGGTCGGAAGACTTTTTCGTCAACCGAGACAACAGGGAAGATTTAACAATTT
CCGAAAGAACCCTTCATTCCTCCACGCGGCGTTGCGTCATCAGGCTGCGCCCATTGTGAA
CAATCCCCACTGCTGCCTCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGTCCGGT
CCGGCCCTCCTTCAAGGACCGGATACTGATTCGTCGCCTTGGTGAGCCGTTACCTCACCA
ACTAGCTAATCAGACGCGGGCCCCTCTTCAAG
>A12-2.1.2
GAATTCCAGCACACTGGCGGCACGTTACTAGTGGATCCGAAGCTCGGTACCAAAGCTTGG
CGTAAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACAC
AACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTC
ACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTG
CATTAATGAATCGGCCAACGCGCGGGGAAAGGCGGTTTGCGTATTGGGCGCTCTTCCGCT
TCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAACGGTATCAGCTCAC
TCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAAGAAAGAACATGTGA
GCAAAAGGCCAGCAAAAAGCCAAGAACCGTAAAAAGGCCGCGTTGCTGGCGTTATTCCAT
ATGCGCCGCCCCCCTGACGAACATACAAAAATCGACGCCAAGTCAGAAGTGGCAAACC
>A12-2.1.3
CCGGGGACTGCTGGCAACGTAGTAGGCCCGTCCCTTCTTCTGCAACATACCGTCACTTGA
CGCTTCGTCTGTGCTGAAAGAGGTTTACAACCCGAAAGCCGTCATCCCTCACGCGGCGAT
GCTGGATCAGGCTTCCGCTCATTGTCCAATATTCCCCACTGCTGCCTCCCGTAAGAGTCT
GGGCCGTGTCTCAGTCCCAGTGTGGCCGGTCACCCTCTCAGGCCGGCTACCCGTCGAAGC
CTTGGTGAGCCATTACCTCACCAACAAGCTGATAGGCCGCGAGCACATCCCAGGTCGAAA
AACTTTCCACAACCAGATCATGCAATCGGTTGTCGTATCCGGTATTAATCACCGTTTCCG
GTGGCTATCCCAGAGCCTGGGGCAGATTACTCACGTGTTACTCACCCGTTCGCCGCTCGA
>A12-2.1.4
ACCGGGGCTGCTGGCACGTAGTTAGCCGTGGCTTATTCGTCAGGTACCGTCATCATCTTC
CCTGACAAAAGAGGTTTACAAACCCGAAAGCCTTCATCCCTCACGCGGCGTTGCTGCGAT
CAGGCTTTCGCCCATTGCGCAAAATTCCCGACTGCTGCCTCCCGTAGGAGTCTGGGCCGT
GTCTCAGTCCCAGTCTGGGTGATCGTCCTCTCAGACCACCTACCGATCGTCGCCTTGGTG
AGCCGTTACCCCACCAACGAGCTAATCGGACGCAGGCCCCTCCAGAAGCGCATTGCTGCT
TTGATGGATCGATCGAACGAACCACCACATGCGGTATTAGCCACCCTTTCGGGCAGTTAT
CCCCCACTTCGGGGTAGGTCACCTACGCGTTACTCAGCCGTCCGCCACTAACGATCAGAG
CAAGCCCTGATCGTCCGTTCGACTTGCATGTCTCATGCACGCCGCC
>A12-2.1.5
ACCGGGGCTGCTGGCACGGAGTTAGCCGGTGCTTATTCATCTGGTACCGTCAACCATTTT
AGAAAAAATGGATTTCTTCCCAGATAAAAGAAGTTTACAATCCAGAGGACCTTCATCCTC
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CACGCGGCATGGCTGGTTCAGACTTGCGTCCATTGACCAATATTCCTTACTGCTGCCTCC
CGTAGGAGTCGGGCCCGTGTCTCAGTGCCCGTGTGACTGGTCGTGCTCTCACACCAGTTA
CTGATCGTCGACTTGGTGGGCCGTTACCCCGCCAACTATCTAATCAGCCGCACACCCATC
TTCTAGCGCATTGCTGCTATAATATAAAAGTGATGCCACTTCTATATGTTACGGAGTATT
AATCCAAGTTTCCCTGGGCTATTCTCCACTAAAAGGAAGGTTGTGTACGTGTTCCGCACC
CGTTTGCCGGTCGCCAGCATTTCGATTGCTCGGAAACTGCTGCCCACGACTTGCATGTAT
TAAGCCTGCCGCTAGCGTTCATCCTGAGCCAGAATCAAACTC
>A12-2.2.1
GAGTTTGATCCCTGGCTCAGAGACAAACGCTGGCGGCGTGCGTAAAACATGCAAAGTCGC
ACGGGTGCTTCGGCACCAGTGGCAGACGGCTGAGTAACGCGTAGGAACCTGCCCACCAGT
GGGGAACAACCTGCCGAAAGGCGGGCTAATACCGCATACGACCGCACCTTTGGGTGCGAG
GAAAGCCGCAAGGTGCTGGTGGAGGGGCCTGCGTCCGATTAGCTAGTTGGTGGGGTAACG
GCCTACCAAGGCGCCGATCGGTAGCTGGTCTGAGAGGATGATCAGCCAGACTGGGACTGG
GACACGGCCCAGACTCCTACGGGAGGCAGCAGTTAGGAATTTTGGGCAATGGCCGCAAGG
CTGACCCAGCAACGCCGCGTGGGGGACGAAGGCTCTCGGGTCGTAAACCCCTTTTCCCAG
GGACGATAGTGACGGTACCTGGGGAATAAGCCCGGCTAACTACGTGCCAGCAGCCCGGT
>A12-2.3.1
ACCGGGGCTGCTGGCACGTAGTTAGCCGGGGCTTCTTCTGGAGGTACCGTCACCCTCTGG
GCTATTAACCCGAGTGGCTTCGTCCCTCCTGAAAGCGGTTTACAACCCGAAGGCCTTCTT
CCCGCACGCGGCGTCGCTGCGTCAGGCTTTCGCCCATTGCGCAAGATTCCCCACTGCTGC
CTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGATCATCCTCTCAGACCA
GCTACCGATCGTCGCCTTGGTAAGCCATTACCTCACCAACAAGCTAATCGGGCATCGGCC
GCTCCCATAGCGCGAGGCCCAGTTGCGAGAGTCCCCCGCTTTCCTCCGTAAAGCATATGC
GGTATTAGCGCCGGTTTCCCGGCGTTATCCCCCACTACGGGGTACGTTCCGATGCATTAC
TCACCCGTTCGCCGCTCGCCGCCAAGGTTGCCCCCGCGCTGCCGCACGACTTGCATGTGT
AAAGCATGCCGCCAGCGTTCA
>A12-2.3.2
ACCGGGGCTGCTGGCACATACTTAGCCCGTGCTTCCTCTGAGGCTCTGTCAATCTAGAAG
GAGAACCTCCTAGAACTTCATCCCCTCTGACAGCGGTTTACAACCCGAAGGCCTTCATCC
CGCACGCGGCGTCGCTCGGTCAGGCTTTCGCCCATTGCCGAAGATTCTCGGCTGCAGCCA
CCCGTAGGTGTCTGGGCAGTATCTCAGTCCCAGTGGTGGGGGCCATGCTCTCACACCCCC
TAGGCATCGTAGCCTTGGTAGGCCGTTACCCTACCAACTAGCTAATACCAGATTGGCCGC
TCCTCCGGTGGAATCACACCTTTGCACCCAGGCCTTCAAACCTGGGAGATTATCGGGTAT
TACCCACAGTTTCCCGTGGCTATCCCCGTCCCGAGGGTACGTCACCAATCATTCCTACCC
CGTTTGCCGCTGTCCCCCTTGCGGGTTCTCGCTCGACTTGCATGCCTAATCCACGCCGCC
AACGTTCATTCTGAGCCAGGATCAAACTCT
>A12-2.3.3
ACCGGGGCTGCTGGCACAGAGATAGCCGGTGCTTCCTCTCGAGGATAACCGTCAATCGGA
AACGGGATATTAGCCCCGCCCCCTTAATTCGATCCCCTCGCCGANAGGTGCCTTTACGAA
TCCGAAGACCTTCATCACACACGCGGCGATTGCTGCGATCAGGCTTTCGCCCATTGCGCA
AGATTCCCCACTGCTGCCTCCCGAAGGAGATCTGGACCGTGATCTCAGATTCCA
>A12-3.1.1
ACCGGGGCTGCTGGCACGTAGTTAGCCGGTGCTTCTTCTTCCAGTACCGTCATCCAGATC
CGTTATTCACGTACCCGATTTCGTTCCGGCCGAAAGAGCTTTACAACCCGAAGGCCTTCT
TCACTCACGCGGCATGGCTGGATCAGGGTTGCCCCCATTGTCCAAAATTCCCCACTGCTG
CCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCTGGTCGTTCTCTCAAACC
AGCTACGGATCGTAGCCTTGGTGGGCTCTTACCCCGCCAACTAGCTAATCCGACATCGGC
CGCTCCATGAGCGCGAGGTCCTTTCAGATCCCCCGCTTTCTCCCTCAGGACGTATGCGGT
ATTAGCCTCGATTTCTCGAGGTTGTCCCCCACTCCTGGGTACGTTCCGATGTGTTACTCA
CCCGTTCGCCACTCTACTCGCAAGGTTGCCCCCACTTTCGCGTTCGACTTGCATGTGTAA
GGCATGCCGCCAGCGTTCAATCTGAGCCAGGATCAAACTCTA
>A12-3.1.2
AGTTTGATCCTGGCTCAGGATGAACGCTAGCGGCAGGCCTAACACATGCAAGTCGAGGGG
TAACAGGGGTAGACAATATCGCTGACGACCGGCGCACGGGTGAGTAACGCGTATGCAACC
TTCCTTTAACTGGGGGATAGCCCGGAGAAATTCGGATTAATACCCCATAAGATCATAGAA
AGACATCTTTTAGTGATTAAAGCTCCGGCGGTTAAAGATGGGCATGCGTGCCATTAGCTA
GTTGGTGAGGTAACGGCCCACCAAGGCTACGATGTTAGGGGGTCTGAGAGGATGATCCCC
CACACTGGTACTGAGACACGGACCAGACTCCTACGGGAGGCAGCAGTGAGGAATATTGGG
CAATGGGCGCAAGCCTGACCCAGCCATGCCGCGTGAAGGATGAATGCCCTATGGGTTGTA
AACTTCTTTTGTATGGGACGAAACTCTCGAATCGTGATCGGGATTGACGGTACCGTACGA
ATAAGCATCGGTTAACTCCGTGCCAGCAGCCCCGG
>A12-3.1.3
AGAGTTGATCCTGGCTCAGAACGAACGCTGGCGGCGTGCCTAGCACATGCAAGTCGAGCG
AGAAAGCCCGCAAGGGTGAGTAAAGCGGCGCACGGGTGCGTAACACGTGGGTAATCTGCC
CTGAAGTCCGGAATAACTCGCCGAAAGGCGTGCTAATGCCGGATTAGACCACGGGAGCCT
CGGCTCCTGCGGGAAAAGGTGGCCTCTGTATACAAGCTATCGCTTCAGGATGAGCCCGCG
GCCCATCAGCTAGTTGGCGGGGTAATGGCCCACCAAGGCTACGACGGGTAGCTGGTCTGA
GAGGACGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGT
GGGGAATCTTGCGCAATGGGCGAAAGCCTGACGCAGCAACGCCGCGTGTGTGATGAAAGT
CTTCGGATCGTAAAGCACTGTCGCGAGGGACGAATAAGGGGCGGGCTAACATC
>A12-3.2.2
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GAGTTTGATCCTGGCTCAGAAACGAACGCTGGCGGCGTGGATAAGACATGCAAGTCGAGC
GGGATATTCAGGGTAGCAATATTCTGGATGTTCAGCGGCGCAAGGGTGCGTAACACGTGG
GTAATCTGCCATAAAGCCTGGAATAACTCGCTGAAAGGCGAGCTAATACCGGATGTGAAG
TTTGGAGGCATCTTTTGAACTTCAAAGCTGGGGATCGTAAGACCCGGCACTTTATGATGA
GCCCGCGGCCTATCAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCTAAGACGGGTAGCT
GGTCTGAGAGGACGACCAGCCACACTGGAACTGAGACACGGTCCAGACACCTACGGGTGG
CAGCAGTCGAGAATTTTTCACAATGGGCGAAAGCCTGATGGAGCGACGCCGCGTGGGGGA
TGAATGGCTTCGGCCCGTAAACCCCTGTCATTTGCGAACAAGTTGTTTCAACTAACACGT
GAAGCATTGATAGTAGCGAAAGAGGAAGGGACGGCTAACTCTGTGCCAGCAGCCCCGG
>A12-3.2.3
GAGTTTGATCCTGGCTCAGATTGAACGCTGGCGGCATGCTTTACACATGCAAGTCGAACG
GGGTGGTGGGGCAACCTGCCATTCAGTGGCGAACGGGTGAGTAATGCATCGGAACGTACC
CCGTAGTGGGGGATAACGCCGGGAAACCGGCGCTAATACCGCATATGCTCTACGGAGGAA
AGTGGGGGACCTGAGAGGGCCTCACGCTATGGGAGCGGCCGATGTCCGATTAGCTAGTTG
GCGGGGTAAAGGCCCACCAAGGCGACGATCGGTAGCTGGTCTGAGAGGATGATCAGCCAC
ACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAA
TGGGGGCAACCCTGATCCAGCCATGCCGCGTGCGGGAAGAAGGCCTTCGGGTTGTAAACG
CTTTAGCCGGAAGAAAG
>A12-3.2.5
GTTTGATCCTGGCTCAGGATGAACGCTGGCGGCGTGGATAAGGCATGCAAGTCGCGTGGG
TTTAGACCCACGGCAAACGGGTTAGTAATGCATAGGAACGTACCCTGAAGTCGTGAATAA
CCTCCGAAAGGGGGAATAATACACGATATGTTCTACGGAATAAAGATTTATCGCTTCAGG
AGCGGCCTATGTCCTATCAGCTTGTTGGTAGTGTAAAAGACTACCAAGGCTATGACGGGT
AGGGGATGTGAGAGCATGATCCCCAACATTGGGACTGAGACACTGCCCAAACACCTACGG
GTGGCTGCAGTCGAGAATAATCCACAATGGACGAAAGTCTGATGGTGCGACGCCGCGTGC
AGGATGACAGCCCTCGGGTTGTAAACTGCTTTTATAAGGGAAGAATGTAATGACGGTACC
TTATGAATAAGAGGTTACTAACTCTGTGCCAGCAGC
>A12-3.3.1
ACCGGGGCTGCTGGCACGAAGTTAGCCGGGGCTTATTCTCCAGGTACCGTCATCATCGTC
CTGGCAAAAGAGCTTTACAACCCGAAGGCCTTCATCACTCACGCGGCATTGCTGGATCAG
GGTTGCCCCCATTGTCCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCTGGGCCGTATC
TCAGTCCCAGTGTGGCTGATCATCCTCTCAGACCAGCTATCGATCGTCGGCTTGGTGAGC
CGTTACCTCACCAACTACCTAATCGAACGCGGGCCCCTCCAATGGCGATAAATCTTTCCC
CTCTCGGGCTCATGCGGTATTAGCTGCAGTTTCCCGCAGTTATCCCCCACCACTGGGCAG
GTTCCCACGCGTTACTCACCCGTCCGCCACTCTCACCGTTCCGAAGAACGGATCCCGTTC
GACTTGCATGTGTTAGGCATGCCGCCAGCGTTCAATCTGAGCCAGGATCAAAC
>A12-3.3.3
ACCGGGGCTGCTGGCACGGAGTTAGCCGATGCTTATTCCCAAGATACCGTCATACTCTTA
CACGTAAAAGCTATTCGTCTCTTGGAAAAGCAGTTTACAACCCATAGGGCCGTCTTCCTG
CACGCGGGATGGCTGGTTCAAGGCTTGCGCCCATTGACCAATATTCCTCACTGCTGCCTC
CCGTAGGAGTCTGGTCCGTGTCTCAGTACCAGTGTGGGGGATCACCCTCTCAGGACCCCT
AAACATCGTAGCCTTGGTAGGCCGTTACCCTACCAACTAGCTAATGTTACGCATGCCCAT
CCCGTACCGCCTGAACTTAAAATATCAAAAGATGCCTCTCAATATCTTTATGGGGTATTA
GTCCGAATTTCTCCGGGTTATCCCCCTGTACAAGGTAGGTTACATACGCGTAACTCACCC
GTGCGCCGGTCGCCACCAATCCCGAATAACTCCGGGTTCGTGCTGGCCCCTCCAACTTGC
ATGTGTTAAGCCTCCCGCTAGCGTTCATCCTGAGCCAGGATCAAACTCT
>A12-3.3.4
GAGTTTGATCCTGGCTCAGAACGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACG
AGAAAGGGGCTTCGGCTCCGAGTAAAGTGGCGCACGGGTGAGTAACACGTGGGTAACCTG
CCTCTAAGACTGGGACAACTTGTCGAAAGATAAGCTAATACCGGATGAGACCACAGTTCC
CGAGGGGACAAGGGGTCAAAGGTAGCCTCTATTTATAAGCAATCACTTAGAGATGGGCCC
GCGCACCATTAGCTAGTTGGTGGGGTAATGGCCCACCAAGGCAAAGATGGTTAGCTGGTC
TGAGAGGATGATCAGCCACACTGGAACTGAGATACGGTCCAGACTCCTACGGGAGGCAGC
AGTGGGGAATATTGCGCAATGGGCGAAAGCCTGACGCAGCAACGCCGCGTGAGTGATGAA
GGCCCTCGGGTCGTAAAGCTCTGTCGGAGGGAACGAATGTTTCGGGGTTAACAGCCCCGG
GAAGTGACGGTACCCTCAAAGGAAGCCCCGGCTAACTCTGTGCCCGCAGCCCCGG
>A12-3.3.5
AGAGTTTGATCCTGGCTCAGAGTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAAC
GGCAGCACAGCAGTAGCAATACTGTGGGTGGCGAGTGGCGGACGGGTGAGGAATACATCG
GAATCTACCATGTCGTGGGGGATAACGTAGAGGAAACTTACGCTAATACCGACATACGAA
CTATGGTTGAAAGCGGCGGACCGGCAAGGCGTCGCGCGATTGGATGAGCCGATGTACTCG
ATCTAGCTACGTTGGCGGGGTAATAGGCCCAGCCAAGGCGACGATCGGTGACGCTGGTCT
GAGAGGATGATCAAGCCAGCACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAG
CAGTGGGGAATATTGGACAATGGGGGCAACCCTGATCCAGCCATGCCGCGTGTGTGAAGA
ATGCCTTCGGGTTGTAAAGCACTTTTGTTCGGGAAGAAAAGCCGCCGGATTAATACCTGT
GTGTCATGACGGTAGCGAGAAGAATAAGCACCGGCTAACTTCGCTGCCAGCAGCC
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» » » » order Rubrobacterales (6)
» » » » » suborder Rubrobacterineae (6)
» » » » » » family Rubrobacteraceae (6)
» » » » » » » genus Solirubrobacter (1)
» » » » » » » unclassified Rubrobacteraceae (5)
» » » unclassified Actinobacteria (3)
»phylum Proteobacteria (118 sequences)
» » class Gammaproteobacteria (9)
» » » order Xanthomonadales (3)
» » » » family Xanthomonadaceae (3)
» » » unclassified Gammaproteobacteria (6)
» » class Betaproteobacteria (42)
» » » order Rhodocyclales (1)
» » » » family Rhodocyclaceae (1)
» » » order Nitrosomonadales (1)
» » » » family Nitrosomonadaceae (1)
» » » order Burkholderiales (29)
» » » » family Incertae sedis 5 (1)
» » » » family Comamonadaceae (1)
» » » » unclassified Burkholderiales (27)
» » » unclassified Betaproteobacteria (11)
» » class Deltaproteobacteria (26)
» » » order Desulfobacterales (1)
» » » » family Desulfobacteraceae (1)
» » » order Desulfuromonales (5)
» » » » family Desulfuromonaceae (2)
» » » » family Geobacteraceae (1)
» » » » unclassified Desulfuromonales (2)
» » » order Myxococcales (5)
» » » » suborder Nannocystineae (1)
» » » » suborder Cystobacterineae (3)
» » » » unclassified Myxococcales (1)
» » » unclassified Deltaproteobacteria (15)
» » class Alphaproteobacteria (20)
» » » order Caulobacterales (1)
» » » » family Caulobacteraceae (1)
» » » order Sphingomonadales (1)
» » » » family Sphingomonadaceae (1)
» » » order Rhizobiales (11)
» » » » family Hyphomicrobiaceae (2)
» » » » family Phyllobacteriaceae (2)
» » » » family Bradyrhizobiaceae (1)
» » » » unclassified Rhizobiales (6)
» » » order Rhodospirillales (1)
» » » » unclassified Rhodospirillales (1)
» » » unclassified Alphaproteobacteria (6)
» » unclassified Proteobacteria (21)
»phylum Firmicutes (3 sequences)
» » class Bacilli (1)
» » » order Bacillales (1)
» » » » family Bacillaceae (1)
» » » » » unclassified Bacillaceae (1)
» » class Clostridia (2)
» » » order Clostridiales (1)
» » » » family Clostridiaceae (1)
» » » » » genus Acetivibrio (1)
» » » unclassified Clostridia (1)
» unclassified Bacteria (183)
unclassified Phylum(2)

Appendix O. RDP Classification
domain Bacteria (360 sequences)
»phylum Genera_incertae_sedis_OP11 (1)
» » » » » genus OP11 (1)
»phylum Genera_incertae_sedis_OP10 (1)
» » » » » genus OP10 (1)
»phylum Nitrospira (6 sequences)
» » class Nitrospira (6)
» » » order Nitrospirales (6)
» » » » family Nitrospiraceae (6)
» » » » » genus Nitrospira (6)
»phylum Verrucomicrobia (4 sequences)
» » class Verrucomicrobiae (4)
» » » order Verrucomicrobiales (4)
» » » » family Verrucomicrobiaceae (1)
» » » » » genus Verrucomicrobium (1)
» » » » unclassified Verrucomicrobiales (3)
»phylum Gemmatimonadetes (2 sequences)
» » class Gemmatimonadetes (2)
» » » order Gemmatimonadales (2)
» » » » family Gemmatimonadaceae (2)
» » » » » genus Gemmatimonas (2)
»phylum Bacteroidetes (11 sequences)
» » class Flavobacteria (1)
» » » order Flavobacteriales (1)
» » » » family Flavobacteriaceae (1)
» » » » » genus Flavobacterium (1)
» » class Bacteroidetes (1)
» » » order Bacteroidales (1)
» » » » family Porphyromonadaceae (1)
» » » » » unclassified Porphyromonadaceae (1)
» » class Sphingobacteria (2)
» » » order Sphingobacteriales (2)
» » » » family Crenotrichaceae (1)
» » » » » genus Chitinophaga (1)
» » » » family Flexibacteraceae (1)
» » » » » unclassified Flexibacteraceae (1)
» » unclassified Bacteroidetes (7)
»phylum Chloroflexi (12 sequences)
» » class Anaerolineae (12)
» » » order Anaerolinaeles (12)
» » » » family Anaerolinaeceea (12)
» » » » » genus Anaerolinea (12)
»phylum Planctomycetes (3 sequences)
» » class Planctomycetacia (3)
» » » order Planctomycetales (3)
» » » » family Planctomycetaceae (3)
» » » » » genus Planctomyces (1)
» » » » » unclassified Planctomycetaceae (2)
»phylum Actinobacteria (16 sequences)
» » class Actinobacteria (16)
» » » subclass Actinobacteridae (7)
» » » » order Actinomycetales (7)
» » » » » suborder Corynebacterineae (2)
» » » » » » family Mycobacteriaceae (1)
» » » » » » » genus Mycobacterium (1)
» » » » » » unclassified Corynebacterineae (1)
» » » » » suborder Propionibacterineae (3)
» » » » » » family Nocardioidaceae (1)
» » » » » » » genus Nocardioides (1)
» » » » » » family Propionibacteriaceae (1)
» » » » » » » genus Microlunatus (1)
» » » » » » unclassified Propionibacterineae (1)
» » » » » unclassified Actinomycetales (2)
» » » subclass Rubrobacteridae (6)
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Appendix P. Primer Design, Electrophoresis, Quantifying DNA with Spectrophotometer,
Cloning, Sequencing, and Sequence Analysis
Primer Design

The 16S rRNA gene sequence is about 1,550 bp long and is composed of both variable
and conserved regions (Baker, Smith, & Cowan, 2003; Clarridge, 2004). The gene is large
enough to provide distinguishing and statistically valid measurements. Choosing the correct
primer is dependent on the research criteria. For example, if a specific genus of bacteria is being
sought then only sequences unique to that bacteria are needed. However, for this study
conserved sequences are required. Conserved sequences are sequences found in many bacterial
species. Some conserved sequences are considered “universal” and can be found across specific
sequences of 16S rDNA amongst all species of bacteria. Universal primers are usually chosen as
complementary to the conserved regions at the beginning of the gene and at either the 540-bp
region or at the end of the 16S sequence; the sequence of the variable region in between is used
for the comparative taxonomy (Clarridge, 2004). However, research has shown that primers
designed to be complementary to conserved regions of the groups present in the phylogenetic
tree are not necessarily complementary to all those that exist in the database today (Baker, Smith,
& Cowan, 2003). Most primers are 17-30 bp in length and separated by amplified region
dictated by primer selection (Maier, Pepper, & Gerba, 2000).
As a rule of thumb, primers should generally be 16-24 nucleotides long with closely
matched melting temperatures (less than 5 °C difference), avoid runs of identical nucleotides,
avoid a 3’-end T, and have at least a 5 base match at the 3’ end. The melting point of an
oligonucleotide is the temperature at which it dissociates from a complementary sequence and is
closely tied to the estimated annealing temperature. The annealing temperature dictates how
efficiently the primer binds to the complementary target region. If it is too high the primer will
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not anneal, too low and they will anneal to non-target regions. Both primers used should have
similar melting temperatures (Tm). An estimate of melting temperature can be attained using the
below equation (Marchesi, 2001):
Tm = 4(G+C) + 2(A+T)
The G+C content has a greater effect on melting temperature due to the three hydrogen
bonds between these bases vice two between A+T (Pepper & Dowd, 2002), thus DNA having
higher G+C content requires more energy (higher temperature) to denature.
Avoiding runs of identical nucleotides is necessary in order to ensure that the primers
anneal at different sites on the DNA. If complementary bases are present in the primers then the
researcher runs the risk of producing a “primer dimer” (S. A. Smith, 2005).
The use of degenerate primers may also improve amplifying the template DNA when the
exact nucleotide sequence is unknown or contains mismatches to possible primers.
Because the position of the primers within a genome defines the size of the amplification
product, this size can be compared to DNA standards using gel electrophoresis.
Electrophoresis

Gel electrophoresis is a technique used for viewing, sizing, and even quantifying DNA
molecules. An agarose gel is made as outlined in Appendix E. DNA samples are loaded into
prepared wells, along with a known standard (ladder) and negative control. Voltage is applied to
the gel, which causes the DNA to migrate toward the positively charged anode due to the DNA’s
negatively charged phosphates. Larger DNA fragments of higher molecular weight in base pairs
(bp) migrate slower than smaller ones, thus enabling separation of DNA fragments by size.
Ethidium bromide (EtBr) is a DNA intercolating agent, which binds to DNA and
fluoresces under UV light; thus, allowing visualization of the DNA under ultraviolet (UV) light
and comparison to ladders (standards of known size) that run parallel on the prepared gel (Maier,
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Pepper, & Gerba, 2000). If bands are present in the correct location, this confirms that the
specified organism or functional gene is present in the PCR product. The brightness of the band
of the extracted DNA on the agarose gel also serves as an indication DNA concentration.
Wells

Positive Result in
Negative Control Lane

Ladders

Figure 20. Agarose Gel Image of DNA. Left-most lane contains DNA ladder; right-most
contains negative control showing positive results.
Quantifying DNA with Spectrophotometer

DNA purity and concentrations in the template DNA and amplified PCR product can be
estimated using a spectrophotometer; this is a useful tool in ascertaining problems with PCR
amplification and ensuring proper DNA concentration when loading samples or preparing
reactions. UV wavelength absorbance ratios are used to determine ultimate DNA purity and
concentrations. When DNA is extracted from samples, some protein typically remains in the
DNA solution; protein is tightly bound to DNA and complete removal of protein is not always
possible (S. A. Smith, 2005). Both protein and DNA absorb UV light, but they have different
absorbance curves. DNA’s peak absorbance is at 260 nm and protein’s is at 280 nm. One can
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calculate the purity of the DNA solution by determining the ratio of the absorbance; an A260/A280
ratio of 1.7-2.0 and a A260/A230 ratio of greater than 1.9 indicates a relatively pure DNA
concentration (Manchester, 1995; S. A. Smith, 2005; Tsai & Rochelle, 2001).
If the solution is relatively free of protein, then one can take the absorbance at 260 nm as a
measure for concentration of DNA by the formula:
1 A260 O.D. (optical density) Unit for dsDNA = 50 ng/µl
For example,
If a 1:100 dilution of dsDNA (5 µl DNA extract + 495 µl pure water) gives an A260 =
1.75;
[DNA] = 1.75x50= 87.5 ng/µl
Total mass of DNA = 87.5 ng/µl * 5 μl = 437.5 ng

Cloning

The product of PCR is a heterogeneous mixture of amplified 16S rDNA which is isolated
through cloning. Gene cloning is the process of incorporating a DNA sequence into a cloning
vector (plasmid), which can replicate in another organism. The plasmid carries genes for
antibiotic resistance, and a DNA strand, which contains the gene of interest. Both are cut with
the same restriction enzyme. Restriction enzymes such as EcoR1 surround the DNA molecule at
the point it seeks (sequence GAATTC). It cuts one strand of the DNA double helix at one point
and the second strand at a different, complementary point (between the G and the A base). The
separated pieces have single stranded "sticky-ends," which allow the complementary pieces to
combine. The plasmid is opened up and the gene is freed from its parent DNA strand. The
opened plasmid and the freed gene are mixed with DNA ligase, which reforms the two pieces as
recombinant DNA. This recombinant DNA mix is allowed to transform in E. coli
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(transformation). The bacterial culture is then plated on a growth media exposed to antibiotics.
All the cells except those which have incorporated the plasmid DNA recombinant are killed,
leaving a cell culture containing the desired recombinant DNA. (National Health Museum, 1999)
X-gal is a sugar which, when metabolized by beta-galactosidase produced by the LacZ
gene in the plasmid vector, produces a blue product (Maier, Pepper, & Gerba, 2000). Thus X-gal
can also be used to visualize colonies that got the plasmid but no insert (blue colonies) and
colonies that received plasmid plus DNA insert (white colonies).

Figure 21. Cloning into a plasmid. (National Health Museum, 1999)
Purifying and Verifying DNA Insert

Following cloning, plasmids are purified and isolated using one of a variety of
commercially available kits and restriction digestion conducted using a restriction enzyme such
as EcoR1 in order to verify insertion of targeted DNA.
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Sequencing

Following cloning, retrieval of the inserts of clones for DNA sequencing and identification
using primers specific to the plasmid vector is done. Primers M13F or M13R are typically used,
because these primers are specific to the cloned vector and are not universal primers.
Thermocycling replicates the purified DNA isolate using a dNTP mix, dye terminators, and
polymerase similar to PCR. The product is a mixture of fragments of varying lengths due to the
addition of specially labeled bases called dye terminators, which randomly terminate the
sequence. Each of the four added labeled terminator bases has different fluorescent dye, each of
which absorbs at a different wavelength (Clarridge, 2004) allowing recognition during
sequencing via capillary electrophoresis.
Sequence Analysis

Sequence analysis software judges the identity of the nucleotide at each position by
comparing the relative heights of the peaks. If two peaks are overlapped, then the software is
unable to judge what the nucleotide is, and an “N” (unknown) is shown in the position (see
Fig.23). The following figures show examples of high and low quality sequence data. Other
errors, which may need editing, include unseparated nucleotide spikes and long nucleotide runs.

Figure 22. High quality chromatogram.
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Figure 23. Low quality chromatogram showing unknown nucleotide “N”.
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Appendix Q. EstimateS Results

177

178

179

Bibliography

Achenbach, L. A., Michaelidou, U., Bruce, R. A., Fryman, J., & Coates, J. D. (2001).
Dechloromonas agitata gen. nov., sp. nov. and dechlorosoma suillum gen. nov., sp. nov.,
two novel environmentally dominant (per)chlorate-reducing bacteria and their phylogenetic
position. International Journal of Systematic and Evolutionary Microbiology, 51(Pt 2), 527533.
Altschul, S. F., Gish, W., Miller, W., Myers, E. W., & Lipman, D. J. (1990). Basic local
alignment search tool. Journal of Molecular Biology, 215(3), 403-410.
Amann, R. I., Ludwig, W., & Schleifer, K. H. (1995). Phylogenetic identification and in situ
detection of individual microbial cells without cultivation. Microbiological Reviews, 59(1),
143-169.
Amon, J. P., Thompson, C. A., Carpenter, Q. J., & Miner, J. (2002). Temperate zone fens of the
glaciated midwestern USA. Wetlands, 22(2), 301-317.
Baker, G. C., Smith, J. J., & Cowan, D. A. (2003). Review and re-analysis of domain-specific
16S primers. Journal of Microbiological Methods, 55(3), 541-555.
Beckman Coulter Inc. (2005). GenomeLab™ Methods Development Kit Dye Terminator Cycle
Sequencing. Fullerton, CA: Beckman Coulter Inc. Retrieved 22 Dec 2005, from
http://www.beckman.com/literature/Bioresearch/608019-AR.pdf
Benson, D. A., Karsch-Mizrachi, I., Lipman, D. J., Ostell, J., & Wheeler, D. L. (2005). GenBank.
Nucleic Acids Research, 33(Database issue), D34-8.
Bertin, C., Yang, X., & Weston, L. A. (2003). The role of root exudates and allelochemicals in
the rhizosphere. Plant and Soil, 256, 67-83.
Bouwer, E. J. (1994). Bioremediation of chlorinated solvents using alternate electron acceptors.
In J. E. Mathews (Ed.), Handbook of bioremediation (pp. 149-169). Boca Raton, FL: Lewis
Publishers.
Bradley, P. M., & Chapelle, F. H. (1996). Anaerobic mineralization of vinyl chloride in fe(III)reducing, aquifer sediments. Environmental Science & Technology, 30(6), 2084-2086.
Brown, J. W. (1999). The ribonuclease P database. Nucleic Acids Research, 27(1), 314.
Chao, A. (1984). Nonparametric estimation of the number of classes in a population.
Scandinavian Journal of Statistics, 11, 265-270.
Chao, A., & Lee, S. (1992). Estimating the number of classes via sample coverage. Journal of
American Statistical Association, 87, 210-217.

180

Chapelle, F. H. (2001). Ground-water microbiology and geochemistry. New York, NY: John
Wiley and Sons, Inc.
Chazdon, R. L., Colwell, R. K., Denslow, J. S., & Guariguata, M. R. (1998). Statistical methods
for estimating species richness of woody regeneration in primary and secondary rain forests
of NE costa rica. In F. Dallmeier, & J. A. Comiskey (Eds.), Forest biodiversity research,
monitoring and modeling: Conceptual background and old world case studies (pp. 285309). Paris: Parthenon Publishing.
Christiansen, N., & Ahring, B. K. (1996). Desulfitobacterium hafniense sp. nov., an anaerobic,
reductively dechlorinating bacterium. International Journal of Systematic Bacteriology, 469,
442-448.
Clarridge, J. E.,3rd. (2004). Impact of 16S rRNA gene sequence analysis for identification of
bacteria on clinical microbiology and infectious diseases. Clinical Microbiology Reviews,
17(4), 840-62, table of contents.
Clemmer, N. D. (2003). "Characterization of Chlorinated Solvent Degradation in a Constructed
Wetland." (M.S. ed.). Wright-Patterson AFB, Dayton, OH: Dept. of Systems and
Engineering Management.
Cole, J. R., Chai, B., Farris, R. J., Wang, Q., Kulam, S. A., & McGarrell, D. M. (2005). The
ribosomal database project (RDP-II): Sequences and tools for high-throughput rRNA
analysis. Nucleic Acids Research, 33(Database issue), D294-6.
Coleman, N. V., Mattes, T. E., Gossett, J. M., & Spain, J. C. (2002). Phylogenetic and kinetic
diversity of aerobic vinyl chloride-assimilating bacteria from contaminated sites. Applied
and Environmental Microbiology, 68(12), 6162-6171.
Colwell, R. K. (2005). EstimateS: Statistical Estimation of Species Richness and Shared Species
from Samples. Retrieved April 19, 2006, from http://viceroy.eeb.uconn.edu/EstimateS
CRC. (2004). In Lide D. R. (Ed.), Handbook of chemistry and physics (85th ed.). Boca Raton,
FL: CRC Press.
de Ridder-Duine, A. S., Kowalchuk, G. A., Klein Gunnewiek, P. J. A., Smant, W., van Veen, J.
A., & de Boer, W. (2005). Rhizosphere bacterial community composition in natural stands
of carex arenaria (sand sedge) is determined by bulk soil community composition. Soil
Biology & Biochemistry, 37, 349-357.
Drzyzga, O., Gerritse, J., Dijk, J. A., Elissen, H., & Gottschal, J. C. (2001). Coexistence of a
sulphate-reducing desulfovibrio species and the dehalorespiring desulfitobacterium frappieri
TCE1 in defined chemostat cultures grown with various combinations of sulfate and
tetrachloroethene. Environmental Microbiology, 3(2), 92-99.
Enright, M. P. (2001). " Bioremediation of Trichloroethylene Using Wetland Mesocosms." (M.S.
ed.). Wright State University, Dayton, OH: Dept. of Biology.
181

Ensley, B. D. (1991). Biochemical diversity of trichloroethylene metabolism. Annual Review of
Microbiology, 45, 283-299.
Felsenstein, J. (2005). PHYLIP (phylogeny inference package) version 3.6. Retrieved March 31,
2006 from http://evolution.genetics.washington.edu/phylip.html
Flynn, S. J., Löffler, F. E., & Tiedje, J. M. (2000). Microbial community changes associated with
a shift from reductive dechlorination of PCE to reductive dechlorination of cis-DCE and
VC. Environmental Science & Technology, 34(6), 1056-1061.
Garrity, G. M., Bell, J. A., & Lilburn, T. G. (Eds.). (2004). Taxonomic outline of the prokaryotes.
Bergey's manual of systematic bacteriology (2nd ed.). New York: Springer-Verlag.
Retrieved April 5, 2006, from http://dx.doi.org/10.1007/bergeysoutline200310
Good, I. J. (1953). The population frequencies of species and the estimation of population
parameters. Biometrika, 40, 237-264.
Hageman, K. J., Istok, J. D., Field, J. A., Buscheck, T. E., & Semprini, L. (2001). In situ
anaerobic transformation of trichlorofluoroethene in trichloroethene-contaminated
groundwater. Environmental Science & Technology, 35(9), 1729-1735.
Hartmans, S., & De Bont, J. A. (1992). Aerobic vinyl chloride metabolism in mycobacterium
aurum L1. Applied and Environmental Microbiology, 58(4), 1220-1226.
Holliger, C., Hahn, D., Harmsen, H., Ludwig, W., Schumacher, W., & Tindall, B. (1998).
Dehalobacter restrictus gen. nov. and sp. nov., a strictly anaerobic bacterium that reductively
dechlorinates tetra- and trichloroethene in an anaerobic respiration. Archives of
Microbiology, 169(4), 313-321.
Hugenholtz, P., & Goebel, B. M. (2001). The polymerase chain reaction as a tool to investigate
microbial diversity in environmental samples. In P. A. Rochelle (Ed.), Environmental
molecular microbiology: Protocols and applications (pp. 31). Wymondham, UK: Horizon
Scientific Press.
Hurlbert, S. H. (1971). The non-concept of species diversity: A critique and alternative
parameters. Ecology, 52, 577-586.
Invitrogen Corporation. (2004). TOPO TA Cloning (Version R ed.). Calsbad, CA: Invitrogen
Life Technologies.
Janssen, P. H. (2006). Identifying the dominant soil bacterial taxa in libraries of 16S rRNA and
16S rRNA genes. Applied and Environmental Microbiology, 72(3), 1719-1728.
Kadlec, R. H., & Knight, R. L. (1996). Treatment wetlands. New York: CRC Press, Inc.
Krebs, C. J. (Ed.). (1978). Ecology: The experimental analysis of distribution and abundance
(2nd ed.). New York: Harper & Row.
182

Lee, M. D., Odom, J. M., & Buchanan, R. J.,Jr. (1998). New perspectives on microbial
dehalogenation of chlorinated solvents: Insights from the field. Annual Review of
Microbiology, 52, 423-452.
Liu, W., & Stahl, D. A. (2002). Molecular approaches for the measurement of density, diversity,
and phylogeny. In C. J. Hurst, R. L. Crawford, G. R. Knudsen, M. J. McInerney & L. D.
Stetzenbach (Eds.), Manual of environmental microbiology (2nd ed.) (pp. 114-134).
Washington, D.C.: American Society for Microbiology.
Mackay, D., Shiu, W. Y., & Kuo, C. M. (1993). Illustrated handbook of physical-chemical
properties and environmental fate for organic chemicals. Chelsea, MI: Lewis Publishers,
Inc.
Maier, R. M., Pepper, J. L., & Gerba, C. P. (2000). Environmental microbiology. San Diego,
Calif. ; London: Academic.
Manchester, K. L. (1995). Value of A260/A280 ratios for measurement of purity of nucleic
acids. BioTechniques, 19(2), 208-210.
Marchesi, J. R. (2001). Primer design for PCR amplification of environmental DNA targets. In P.
A. Rochelle (Ed.), Environmental molecular microbiology: Protocols and applications (pp.
43). Wymondham, UK: Horizon Scientific Press.
Masters, G. M. (1997). Introduction to environmental engineering and science. (Second Edition
ed.). Upper Saddle River, NJ: Prentice-Hall, Inc.
Maymo-Gatell, X., Anguish, T., & Zinder, S. H. (1999). Reductive dechlorination of chlorinated
ethenes and 1, 2-dichloroethane by "dehalococcoides ethenogenes" 195. Applied and
Environmental Microbiology, 65(7), 3108-3113.
Mo Bio Laboratories, Inc. (2004). Mo Bio PowerSoil DNA Isolation Kit Extraction Protocol.
Carlsbad, CA: . Retrieved February 18, 2005, from
http://www.mobio.com/files/protocol/12888.doc
National Center for Biotechnology Information. (2004). Systematics and molecular
phylogenetics. Retrieved April 2, 2006 from
http://www.ncbi.nlm.nih.gov/About/primer/phylo.html
National Center for Biotechnology Information. (2006). BLAST. Retrieved December 22, 2005
from http://www.ncbi.nlm.nih.gov/blast/blast_FAQs.shtml
National Health Museum. (1999). Cloning into a plasmid. Retrieved December 15, 2005 from
http://www.accessexcellence.org/RC/VL/GG/plasmid.html
National Research Council (NRC). (1994). Alternatives for ground water cleanup. Washington,
D.C.: National Academy Press.

183

Neumann, A., Scholz-Muramatsu, H., & Diekert, G. (1994). Tetrachloroethene metabolism of
dehalospirillum multivorans. Archives of Microbiology, 162(4), 295-301.
Opperman, B. C. (2002). "Determination of Chlorinated Solvent Contamination in an Upward
Flow Constructed Wetland" Dept. of Systems and Engineering Management (M.S. ed.).
Wright-Patterson AFB, OH: Air Force Institution of Technology.
Pepper, I. L., & Dowd, S. E. (2002). PCR applications for plant and soil microbes. In C. J. Hurst,
R. L. Crawford, G. R. Knudsen, M. J. McInerney & L. D. Stetzenbach (Eds.), Manual of
environmental microbiology (2nd ed.) (pp. 573-582). Washington, D.C.: American Society
for Microbiology.
Phelps, T. J., Malachowsky, K., Schram, R. M., & White, D. C. (1991). Aerobic mineralization
of vinyl chloride by a bacterium of the order actinomycetales. Applied and Environmental
Microbiology, 57(4), 1252-1254.
Pruden, A. (2005). Biomolecular Tools for Engineers Lab Manual. Retrieved December 12,
2005, from http://www.engr.colostate.edu/~apruden/classes/ce580Molecular/Lab%20Manual/Lab%20Manual%20CE%20580%202005%20update.pdf
Qiagen, I. (2002). HotStarTaq PCR Handbook (Protocol ed.). Valencia, CA: . Retrieved July 10,
2005, from
http://www1.qiagen.com/literature/handbooks/PDF/PCRAndReverseTranscription/KitsAnd
Enzymes/PCR_HST/1023208_HB_HSTAQ_1102WW.pdf
Reed, P. B., Jr. (1997). Revision of the national list of plant species that occur in wetlands.
Washington, D.C.: U.S. Dept. of Interior, Fish and Wildlife Service.
Rochelle, P. A. (Ed.). (2001). Environmental molecular microbiology: Protocols and
applications. Wymondham, UK: Horizon Scientific Press.
Sanford, R. A., Cole, J. R., Loffler, F. E., & Tiedje, J. M. (1996). Characterization of
desulfitobacterium chlororespirans sp. nov., which grows by coupling the oxidation of
lactate to the reductive dechlorination of 3-chloro-4-hydroxybenzoate. Applied and
Environmental Microbiology, 62(10), 3800-3808.
Schwarzenbach, R. P., Gschwend, P. M., & Imboden, D. M. (1993). Environmental organic
chemistry. New York: John Wiley & Sons.
Sekiguchi, Y., Yamada, T., Hanada, S., Ohashi, A., Harada, H., & Kamagata, Y. (2003).
Anaerolinea thermophila gen. nov., sp. nov. and caldilinea aerophila gen. nov., sp. nov.,
novel filamentous thermophiles that represent a previously uncultured lineage of the domain
bacteria at the subphylum level. International Journal of Systematic and Evolutionary
Microbiology, 53(Pt 6), 1843-1851.
Semprini, L. (1995). In situ bioremediation of chlorinated solvents. Environmental Health
Perspectives, 103 Suppl 5, 101-105.
184

Smith, R. L., & Smith, T. M. (2003). Elements of ecology (5th ed.). San Francisco, CA:
Benjamin Cummings.
Smith, S. A. (2005). Wright State University, Assistant Professor, Ph.D.
Song, D. L., Conrad, M. E., Sorenson, K. S., & Alvarez-Cohen, L. (2002). Stable carbon isotope
fractionation during enhanced in situ bioremediation of trichloroethene. Environmental
Science & Technology, 36(10), 2262-2268.
Stackebrandt, E. and Goebel, B.M. (1994). A place for DNA-DNA reassociation and 16S rRNA
sequence analysis in the present species definition in bacteriology. Int. J. Syst. Bacteriol, 44,
846–849.
Torsvik, V., Goksoyr, J., & Daae, F. L. (1990). High diversity in DNA of soil bacteria. Applied
and Environmental Microbiology, 56(3), 782-787.
Tsai, Y., & Rochelle, P. A. (2001). Extraction of nucleic acids from environmental samples. In P.
A. Rochelle (Ed.), Environmental molecular microbiology: Protocols and applications (pp.
15). Wymondham, UK: Horizon Scientific Press.
U.S. Department of Health and Human Services. Agency for Toxic Substances and Disease
Registry. (2003). 2003 CERCLA priority list of hazardous substances. Retrieved June 23,
2005 from http://www.atsdr.cdc.gov/supportdocs/text.pdf
U.S. Environmental Protection Agency. (2004). Cleaning up the nation's waste sites: Markets
and technology trends No. 542-R-04-015). Washington, D.C.: Office of Solid Waste and
Emergency Response.
U.S. Environmental Protection Agency. (Revised July 1, 2003). Code of Federal Regulations.
Title 40. Chapter 1. Part 300. National Oil and Hazardous Substances Pollution
Contingency Plan. Washington, D.C.: U.S. Government Printing Office:
U.S. Environmental Protection Agency. (Revised July 1, 2002). Code of Federal Regulations.
Title 40. Chapter 1. Part 141. National Primary Drinking Water Regulations. . U.S.
Government Printing Office. Washington, D.C.:
U.S. Environmental Protection Agency. (2001). Ground water pump and treat systems:
Summary of selected cost and performance information at superfund-financed sites. No.
EPA 542-R-01-021b). Washington, D.C.: Office of Solid Waste and Emergency Response.
U.S. Environmental Protection Agency. (1996). Innovative treatment technologies: Annual
status report (8th edition). No. EPA-542-R-96-010). Washington, D.C.: Office of Solid
Waste and Emergency Response.
U.S. Environmental Protection Agency. (1988). Health effects assessment for
tetrachloroethylene. No. EPA/600/8-89-096). Cincinnati, OH: Environmental Criteria and

185

Assessment Office, Office of Health and Environmental Assessment, Office of Research and
Development.
Utkin, I., Woese, C., & Wiegel, J. (1994). Isolation and characterization of desulfitobacterium
dehalogenans gen. nov., sp. nov., an anaerobic bacterium which reductively dechlorinates
chlorophenolic compounds. International Journal of Systematic Bacteriology, 44(4), 612619.
Vierstraete, A. (1999). Principles of the PCR in homepage of andy vierstraete. Retrieved Sept
27, 2005 from http://users.ugent.be/~avierstr/principles/pcr.html
Wackett, L. P. (1995). Bacterial co-metabolism of halogenated organic compounds. In L. Y.
Young, & C. E. Cerniglia (Eds.), Microbial transformation and degradation of toxic organic
chemicals (pp. 217-217-241). New York: Wiley-Liss, Inc.
Watanabe, K., Kodama, Y., & Harayama, S. (2001). Design and evaluation of PCR primers to
amplify bacterial 16S ribosomal DNA fragments used for community fingerprinting.
Journal of Microbiological Methods, 44(3), 253-262.
Wayne, L. G., Brenner, D. J., Colwell, R. R., Grimont, P. A. D., Kandler, O., & Krichevsky, L.
(1988). Report of the ad hoc committee on reconciliation of approaches to bacterial
systematics. The Journal of Applied Bacteriology, 64(4), 283-284.
Wiedemeier, T. H., Swanson, M. A., Moutoux, D. E., Wilson, J. T., Kampbell, D. H., Hanson, J.
E., & Haas. (1997). Overview of the Technical Protocol for Natural Attenuation of
Chlorinated Aliphatic Hydrocarbons in Ground Water Under Development for the U.S. Air
Force Center for Environmental Excellence. Proceedings of the symposium on Natural
Attenuation of Chlorinated Organics in Ground Water. EPA/540/R-97/504. Washington
D.C.: Office of Research and Development.
Woese, C. R., & Fox, G. E. (1977). Phylogenetic structure of the prokaryotic domain: The
primary kingdoms. Proceedings of the National Academy of Sciences of the United States of
America, 74(11), 5088-5090.
Woese, C. R. (1987). Bacterial evolution. Microbiological Reviews, 51(2), 221-271.

186

REPORT

DOCUMENTA

Form Approved
OMS No. 0704-0788

TION PAGE

The public reporting burden for this coliection of information is estimated to average 1 hour per response. including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the coliection of information. Send comments regarding this burden estimate or any other aspect of this
coliection of information, includingsuggestions for reducing the burden, to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports
10704-0188). 1215 Jeff,erson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provisionof law, no person shall be
subject to any penalty for failingto comply with a collection of information it it does not display a currently valid OMBcontrol number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.
1. REPORTDA TE (DD-MM- YYYYJ
13-06-2006
Thesis
12. REPORT TYPE
4. TITLE AND SUBTITLE

Molecular Characterization
Constructed

Mesocosms

3. DATES COVERED (From - ToJ

?nAug

2005-June

2006

58. CONTRACT NUMBER

of Wetland Soil Bacterial Community in
5b. GRANTNUMBER
5c. PROGRAM ELEMENT NUMBER

5d. PROJECT NUMBER

6. AUTHOR(SJ

Maj. Ethan C. Bishop
5e.

TASK NUMBER

5f.

WORK UNIT NUMBER

8. PERFORMING ORGANIZA TlON
REPORT NUMBER

7. PERFORMING ORGANIZA TION NAME(SJ AND ADDRESS(ESJ
AFIT IENV

AFIT/GES/ENV /06J-0 I

2950 HOBSON WAY
WPAFB OH 45433-7765

10. SPONSOR/MONITOR'SACRONYM(S)

9. SPONSORING/MONITORINGAGENCY NAME(SJAND ADDRESS(ES)
N/A

11. SPONSOR/MONITOR'SREPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITYSTA TEMENT
Approved

for

public

release;

distribution

is unlimited.

13. SUPPLEMENTARYNOTES

14. ABSTRACT
The use of wetlands to effectively remediate aquifers contaminated with chlorinated solvents is an emerging technique, which
shows high promise. In order to better understand this process and test its legitimacy, a treatment wetland was constructed at
Wright-Patterson AFB, Dayton, Ohio and, in a joint effort with Wright State University (WSU), has previously shown the
effective removal of PCE. The purpose of this research was to characterize the soil bacterial community, pre-PCE injection,
among three wetland plant species from the sedge family (Cyperaceae) within constructed wetland mesocosms and to identify any
bacterial dominance.
Carex comosa, Scirpus atrovirens, and Eleocharis erythropoda were planted in multiple columns (mesocosms) filled with
inoculated soils; water flow was through a vertical up-flow design representative of a ground water-fed wetland. DNA extractions
;.vere .made from soil samples taken at each three depths. 16S rDNA polymerase chain reaction (PCR), cloning, plasmid DNA
isolation, and sequencing were used to characterize the bacterial community.
15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF:
a. REPORT b. AlJSTRACT Ci, THIS PAG{;

U

U

U

17. LIMITATIONOF
ABSTRACT

UU

18. NUMBER 198. NAME OFRESPONSIBLEPERSON
OF
Charles A. Bleckmann
PAGES

198

19b. TELEPHONE NUMBER ((nc(udearea code)

(937)255-3636 X472l
Standard Form 298 (Rev. 8/98)
Prescfibed by ANSI Std. Z39.t8

